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Qilick to set up 
Easy to use 
serious viewing 




















80mm objective refracting telescope. 
Sets up in minutes and really easy to use. 
This is a great starter telescope yet has 
all the features to grow with your hobby. 















3” reflecting telescope. Ready to use 
in seconds and so easy. This is a great 
starter telescope. 
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f=900mm d=80mm. 
Standard 1.25” eyepiece fitting 
10mm (90x) and 25mm(36x) 
eyepieces included plus erecting 
90° diagonal for easy all-round 
viewing. 
















f=300mm d=76mm. 
Standard 1.25” eyepiece fitting. 
4mm (75x) and 12.5mm(24x) 

eyepieces included. 
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1000/114 reflecting 
telescope outfit 
Making Astronomy fun 


4.5” mirror reflecting telescope with full 
astronomical equatorial mount takes 
just a short time to set up and use. 
Great for the beginner wishing to learn 
all the basics of astronomy. Accepts 
all standard astro accessories, so the 
Telesto is ready when you are to go 
110 ]atat~ em @xe)an] ey-(eimae]o\-me(-1-J(e amen 


packs away in less space. 















1400/150 reflecting 
telescope outfit 
OUT OF THIS WORLD 


6” mirror reflecting telescope with 
full astronomical equatorial mount 
for those taking things a little more 
seriously. 
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f=1000mm d=114mm. Standard 
1.25” eyepiece fitting. 12mm (83x) 
nd 20mm (50x) eyepieces included. 







f=1400mm d=150mm. Standard 
1.25” eyepiece fitting. 10mm (140x) 
and 20mm(70x) eyepieces included. 
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Discover the wonders 
of the universe 


By the time this issue is in 
your hands, the BBC Two 
series Human Universe, 


Space, Brian Cox, will have 
(foyateliele (cre Bitcpalarelmajeyicere(on 
In between jet-setting to 
some of the most enviable 
tourist locations on the 
planet, Brian’s been poking around the origin 
of humankind (in the context of the broader 
universe) more than usual in this series. He asks 
how we came to be, why we are here at all andis 
there life, especially intelligent life, beyond Earth. 
You only have to scrutinise our own Solar 
System to realise that Earth has hit the jackpot 
in the galactic life lottery. We're just the right 
distance from the Sun, not too close or too far, for 
liquid water to form, for the temperature to be 
right and for there to be enough sunlight hitting 
the surface. We have the right composition of 
gases in the air, plus a protective atmospheric 





‘Even if it exists, we 
have absolutely no 
idea how to use it for 

anything useful, let 

alone a Walp drive’ 


iguel Alcubierre, 


presented by Britain's face of 


ers.com 


layer that absorbs and deflects the most life- 
threatening forms of space radiation away from 
us. Life on Earth has also been given long enough 
breaks between extinction-event disasters, like 
giant meteorite impacts, to recover. 

Sit Earth side by side with a planet like Venus, 
and you begin to appreciate the knife-edge that 
the evolution of life on any prospective planet 
sits on. On paper, Venus looks similar to Earth 
and was given more or less the same start in its 
development when the Solar System was forming, 
4.5 billion years ago. But a few misplaced steps 
along the path to the present day have turned it 
into a hellish world where no life could possibly 
survive - into ‘Earth's evil twin’. 
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Crew roster 


Jonny O'Callaghan 

m Exploring one 

of the deadliest 
planets known to 
man, Jonny risked 
his life to bring us our 
cover feature 





Gemma Lavender 

r Mm [@varccecnt 

expert was a 

natural choice for 

our big Stargazer 
telescope feature 

~ this issue 
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Why did this planet, once so similar to 
Earth, become the world it is now? 
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See the space expeditions for the 
world's super-rich 


Mars Victoria 
crater 


The Opportunity rover is imaged from 
high above this Martian crater 
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Is warp drive technology a viable way 
to travel to the far side of the galaxy? 


Gaia 


A look at the billion-star surveyor 
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50 amazin 
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Why they defy science, what's a 
Singularity, how we can make them 
and much more... 


Sun-skimming 
probe 


NASA’s Solar Probe Plus and the 
mission to the surface of the Sun 


Orbital 

spirographs 
See how the planets can trace 
astonishing patterns in the sky 
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Proving the 
Big Bang 
Nobel prize-winner Robert Wilson 
speaks to us at the Starmus festival 
about his amazing co-discovery 


Supernovas 


Prepare for a knowledge-blast about 
the most powerful explosions in space 
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‘If you change it by even the tiniest 
amount... the expansion will go so ) WE 7 S 


fast that stars won't form” 


(—~) Robert Wilson, 6 Yo Your questions 
\J £4 1978 Nobel prize for physics PLA Valnaval 
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stargazing level today 


Observer's guide 
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Get the best views of these fascinating 
gas giants with our handy guide 
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Our top celestial targets this month 


Me and my 
telescope 
Stunning astrophotography and 
stargazing stories from our readers 


Astronomy kit 
reviews 
3) A telescope, imaging kit, stargazing 


guides and more in our kit review 


itseoleigg L—— 
space t travel aaa 

















Sun-skimming 
probe 
Pick theperfect Let 
telescope amis: hai 


Hipp parchus 
The Greek astronomer who 
discovered the a 


=a, 2 


“Visit the All Abo it Ss 5a | e 
online shop at. = 






For back — ole) 
merchandise and 1 


SUBSCRI sE 
NOW AND > 


SAVE 50.. 












Me illitesrtice 
WW/fore)auce)eiskient 





elxeue 0) 





LAUNCH PAD 


YOUR FIRST CONTACT WITH THE UNIVERSE = 


X-ray perspective ees es 


This is the Whirlpool Galaxy, or M51, a swirling : : eve. ke, aie 
spiral galaxy shot in X-ray by the Chandra X-ray ~ “ul 
Observatory. M51 is the same type of galaxy as our : e Piss af 
Milky Way, but offers us a top-down perspective that peabi eee 
we'll never have of our own galaxy (at the very least, ~ : * 
within our lifetime). The image shows X-ray data in 

Io) 0]g0)(=meo)anle)i nize Mia me) 8) a (er-] Mer-1e-M (ine)tnmnl0|5)s)(-)s 

The bright spots are particularly energetic X-ray 

sources, likely to be binary objects that include a 

neutron star or black hole. 
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|Plnlene)m es 


A combination of a real blue marble image 
late mcve(=lal iii (omel-le-Wine)pimaat-M\VANyAV Clelelel-]ne 
Space Flight Center went into creating 

this stunning visualisation of Antarctica. It 
shows the extent of the ice cap beyond the 
enormous south polar landmass itself. 

Of course, Earth isn't the only planet in 
the Solar System to boast polar ice. Our 
companion on our orbit around the Sun, 
the Moon, has its own ice deposits beneath 
its dusty surface, while Mars experiences ae? | 
seasons not dissimilar to our own, with water i ; Mj 
ice caps that shrink dramatically during the / 
Martian summer, only to return during its 
long, chilly winter. 
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Rosetta 
eliCaswel selfie 


This is definitely not your usual 
pouting snapshot at arm's length. 
It's not even terrestrial: that 
outstretched limb is the arm of the 
Rosetta spacecraft, cruising along 
at around 135,000 kilometres per 
hour (84,000 miles per hour), a 
mere 16 kilometres (nine miles) 
from the comet 67P/Churyumov- 


Gerasimenko. Its double-lobed body, 


a result of two separate bodies 


joining together, can clearly be seen. 
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ISS access point 


Getting into space and up to the International Space 
Station (ISS) hasn't exactly always been a privilege 

the world has been able to enjoy. But up until the US 
Space Shuttle programme was shut down, there was 
at least more than one option. Today, the sole location 
for manned missions to the ISS is the Baikonur 
cosmodrome in Kazakhstan, which is run jointly by 
the Russian Federal Space Agency (Roscosmos) and 
Russian Aerospace Defence Forces. It is rented from 
Kazakhstan for $115 (£71) million a year. 
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To celebrate:theirsphoto being taken from several billion kilometres = | ° sy _—— we? 
away, around 1,600 people were photographed waving at Saturn, these ea i ' 
were then used to create this backlit Saturn collage. Some of Cassini's ) 

most popular images have involved a timely manoeuvre that has taken oh : w Be 


the spacecraft to.a point in orbit where the gas giant looms between it 
and the Sun. Here, Cassini's cameras can capture Saturn and its rings, 
stunningly backlit, and also capture an image of a distant Earth without 
fear of damaging its sensitive instruments. 
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All three of NASA's Mars spacecraft are safe 


after observing Siding Spring's near-miss 


NASA's trio of Mars orbiters have all 
reported a clean bill of health as well 
as returning close-up photographs of 
the Red Planet's close encountér with 
comet C/2013 Al, more commonly 
known as Siding Spring. 

The comet passed within 139,500 
kilometres (86,680 miles) of Mars, 
forcing NASA to‘manoeuvre their 
orbiters to hide around the other side 
and avoid being hit by dugt from its 
trail. Siding Spring passed by Mars 
at an incredible’56 kilometres 34.8 
» miles) per second, travelling past the 
Sun six days later before heading 
back into the Oort cloud. The Mars 
Reconnaissance Orbiter, MAVEN 





and Odyssey all sent back messages 
showing they were in good working 


' order following the close encounter. 


This was the closest that any 
known comet had come to Mars. 
WMatoBalebanlelomeymje-lecer-vameyasyieterss 
meant that they had an unparalleled 
Opportunity to take a close look at 
the comet. As with 67-P/Churyumov- 
Gerasimenko, the comet that the 
Rosetta probe has landed on, the 
permanently frozen nature of 
Siding Spring means that it remains 
unchanged since it first came into 
existence, allowing scientists to 
investigate what the Solar System was 
like billions of years ago. 


MIMAS as 

jo) aYo)coyeareye)atare 

by Cassini. The 
oon has a Death 
Star-like dent in 

ime tale meal ikas 
strangely, 
suggesting its 
interior is not solid 
or uniform 


The comet had come all the way 
jUxo)snmes (cm Olo)amellot (ene: Melelxcm@llbrrome)i 
icy bodies that inhabit the far reaches 
of our Solar System. It’s believed that 
Siding Spring makes a close approach 
to us every one to two million years, 
but it's likely that it has never come 
this close to our Sun before. 

The three*NASA spacecraft took 
time out from their usual roles to 





analyse the effect of gas and dust 

on the atmosphere of Mars, while in 

Earth orbit, the Hubble telescope was > 

tracking Siding Spring and taking 

photographs of the historic flyby. 
MAVEN Principal investigator 

Bruce Jakosky said, “We'te glad 

the spacecraft came through, we're 

excited to complete our observations 

of how the comet affects Mars.” @ 


“This was the closest that 


any known comet had 


come to Mars ° 


Something's 
brewing inside 


Mimas 


Studies of one of Saturn's moons 
indicate something strange going on 


underneath its surface 


Images from spacecraft Cassini have 
shown that Saturn's moon Mimas has 
a much odder movement pattern than 
previously thought, suggesting that it 
could contain a liquid ocean. 

The moon, which looks very 
similar to the Death Star from Star 
Wars, has been observed to have 
an oscillating movement, known as 


libration, as it orbits Saturn. This is 
not unique among moons as they are 
often affected by the gravity of planets 
around them, but images from the 
NASA spacecraft show the movement 
to be greater in one particular spot. 
Radwan Tajeddine, a research 
associate at Cornell University in New 
York, has looked into the images and 


www.spaceanswers.com 

















| Stay up to date... 


Ie 





= 


Hubble's picture of Siding Spring 
before and after filtering 


believes that the movement could be 
caused by a mass of liquid underneath 
the surface. The other suggestion is 
that the core of Mimas is rugby ball- 
shaped, which would cause the slight 
wobble as it circles Saturn. 

The presence of a liquid or ovoid 
core was very unexpected, because 
the small size of the moon makes 
it impossible for it to have retained 
enough heat to keep the interior in a 
liquid state. This means that at some 
point the orbit would have been more 
elongated, allowing sub-surface tides 
to create energy, which would provide 
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the heat to keep the subsurface ocean 
liquid. Researchers have modelled that 
the ocean, should that be the correct 
solution, would be 24 to 32 kilometres 
(15 to 20 miles) under the surface. 

A liquid ocean is currently the more 
likely conclusion as an ovoid core 
would make Mimas a different shape, 
but the team is still creating models to 
try to explain the localised libration. 

Cassini is currently in its tenth 
year of orbiting Saturn and its moons, 
having reached the sixth planet from 
the Sun in 2004 after being launched 
in 1997.8 


“Mimas has a much odder 


movement 
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The successful launch put India’s 
third satellite into orbit, where it 
will combine with four others 


India’s 


Space 
rogram 
takes off 


The Indian Space Research 
Organisation (ISRO) successfully 
launched navigational satellite 
IRNSS-1IC on board the Polar 
Satellite Launch Vehicle (PSLV) 
on 16 October. It successfully 
completed a series of burns of 
its apogee motor to align itself a 
geostationary in orbit over the 
Indian Ocean a few days later. 

The launch is the third in a 
series of seven planned satellite 
launches that will provide 
navigation information in India 
and 1,500 kilometres (930 miles) 
around its border. 

Three of the satellites will 
be in geostationary orbit over 
the equator, two will be in 
geosynchronous orbit at 29 
degrees and the final two will 
be spares in case there are any 
problems with one of the five 
operating satellites. 

The programme began with 
the first launch on 2 July 2013 
and the entire system is expected 
to be fully operational by 2015. 
One frequency will provide 
general navigation information 
to everyone who has signed 
up for it, while a second will 
provide information only to 
authorised users. 

The fourth satellite is set to 
launch in the next couple of 
months and the ISRO hope that it 
will become the 28th consecutive 
successful launch by the PSLV. @ 
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Win $1,000 
with NASA 


NASA has given space 
enthusiasts the chance to name 
a robot that is set to go up to the 
ISS and win a tasty cash prize. 
The free-flying robot will be used 
as part of a programme to test 
robotics in microgravity and earn 
the winner $1,000 (£620). 


Kuiper belt 
targets found 


NASA scientists have located 
three potential targets for the New 
Horizons spacecraft to land on 
after it passes Pluto. The asteroids 
that make up the Kuiper belt hold 
vital clues to the origins of the 
universe, as they have been deep 
frozen for billions of years. 


Rocket images 
captured 


The thermal signature from a 
SpaceX Falcon 9 rocket has been 
caught by NASA. The images, 
which shows the rocket returning 
to Earth, are to be used to help 
engineers create the best possible 
supersonic retro-propulsion units 
for future missions to Mars. 


What does a 
comet smell of? 


The Rosetta spacecraft has 

been sniffing out comet 67P/ 
Churyumov-Gerasimenko - 
literally. The Rosetta Orbiter 
Spectrometer for Ion and Neutral 
Analysis (ROSINA) has detected 
a pungent smell of rotten eggs 
(hydrogen sulphide) and urine 
(ammonia), among others. 
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The Cassini spacecraft 
was bathed in electrons 


when it passed Saturn's — 


moon Hyperion 


Cassini charged % 
by Saturn's moon 


NASA spacecraft bathed in oevaatel( beams 
blasted out by Saturn's moon Hyperion 


It may have happened nine years 
ago but NASA scientists have just 
discovered that Hyperion sent 
electrons around Cassini as it flew by 
(os Ac isy =) 8) (2188101 PAC Oey 

The moon receives a constant 
stream of charged particles thanks to 
the Sun's ultraviolet light and Saturn's 
magnetic field. As Cassini passed it 





more than nine years ago, scientists 
believe it became magnetically 
connected to the satellite, allowing 
a stream of electrons to pass to the 
spacecraft from the surface of the 
icy moon. The connection came as 
Cassini travelled more than 2,000 
kilometres (1,243 miles) away from 
Hyperion, but was still close enough 














for the stream of negatively charged 
particles to reach it, giving the 
spacecraft a 200-volt shock. 

This is the first time scientists have 
proved that the surface of objects 
in space, apart from our Moon, can 
become charged. It’s believed there 
are plenty of such charged bodies, but 
this discovery has finally shown it. @ 


Far-flung galaxy discovered. 


The Hubble telescope has detected a galaxy further away 
than almost any other previously discovered 


NASA‘s Hubble Space Telescope has 
detected a galaxy 13 billion light years 
away using another, more massive 
galaxy as a lens. The galaxy is 500 
times smaller than the Milky Way at 
just 850 light years across with a mass 
of just 40 million Suns. However, it 
was discovered due to the enormous 
galaxy cluster in front of it. 


Hubble uses a revolutionary 
view a galaxy’beyond’Pandora’s C 
using the enormous galaxy. group 
focus its vision further than ever b 


The Hubble, Spitzer and Chandra 
telescopes use the gravity of galaxy 
clusters to magnify and brighten 
images beyond them, which is known 
as gravitational lensing. Hubble used 
the gravity of Abell 2744 - otherwise 
known as Pandora's Cluster - to find 
the galaxy, peering through it to see 


the tiny galaxy beyond. 





The team of scientists at NASA was 
able to work out how far away the 
galaxy was by using colour analysis, 

a method of measuring distances in 
the universe by the reddening caused 
by the expansion of the universe. 
This technique confirmed the team’s 
original estimation that the galaxy 
was 13 billion light years away. 

“These measurements imply that 
[...] the object must lie very far away,” 
explained study leader Adi Zitrin of 
the California Institute of Technology 
in Pasadena. “It also matches the 
distance estimate we calculated [...] the 
lensing takes away any doubt that this 
might be a heavily reddened, nearby 
object masquerading as a far more 
distant object.” 

Despite its size, the newly 
discovered galaxy is forming a star 
every three years - quite fast for a 


small galaxy. This successful discovery 


should lead to the further use of 
gravitational lensing to find galaxies 
further away than ever before. @ 


IRIS has been heading towards the 
Sun for over a year to try to discover 
more about the corona 


Solar camera 


eers deep 
the Sun 


NASA's IRIS mission has revealed 
an incredible amount of new 
data on the Sun. One of the main 
discoveries is heat pockets, found 
by IRIS’s spectrograph. These 
pockets create 111,000-degree 
Celsius (200,000-degree 
Fahrenheit) bursts of heat in 

the solar atmosphere, where 
temperatures don't usually get as 
hot as this. 

The incredibly powerful camera 
on board IRIS has also given 
scientists further clues about the 
nature of the interface region of 
the Sun. Inside this layer are fast- 
moving loops of material that 
could help explain a long-standing 
mystery about how it emits light 
and energy. The camera also gives 
incredible views of gases inside 
the chromosphere. They are 
moving like a whirlwind at up to 
19 kilometres (12 miles) per second 
and are key to heating up the Sun. 

IRIS has also noticed high-speed 
jets travelling at 145 kilometres (90 
miles) per second, meaning that 
scientists may have to re-evaluate 
their ideas on solar winds. It was 
previously thought that they 
developed slowly, but it could be 
that these jets have an effect on 
creating solar winds, forcing a 
rethink on the development of 
one of the most interesting parts 
of the Solar System's light and 
heat source. IRIS has also enabled 
scientists to look at nanoflares, 
small bursts of energy that some 
believe are responsible for heating 
the corona. @ 
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~ EARTH'S EVIL TWIN — 


Here in our Solar System, the second rock from the Sun is 

a scorching and toxic world, inhospitable to life. Yet it's the 
closest thing we've got to a true twin - and it might once have 
been even more like our planet than we thought possible 


Written by Jonathan O'Callaghan 





Hurricane-force winds race through the sky at 360 different today. So far, it’s the only twin we know of 
kilometres (224 miles) per hour. The temperature and is a possible indicator of what will become of 
on the ground is hot enough to melt lead, and the our planet in the future. 

surface pressure is equivalent to being one kilometre _ On paper, Venus and Earth are more alike in size 
(0.6 miles) underwater. Welcome to Venus, a world than any other two planets in the Solar System. 
that's both the most and the least Earth-like place in’ ~ Their masses are similar and Earth's radius is 

the Solar System. only 326 kilometres (203 miles) larger than that of 

The planet today is hellish, inhospitable to any Venus. The density of both planets is also nearly 

life, but it may not have always been this way. the same, and Venus’ gravity is just nine per cent 
Evidence from spacecraft including ESA’s Venus less than Earth's. So if you weighed 80 kilograms 
Express (currently in orbit around the planet) (176 pounds) on Earth, you would weigh about 73 
suggests that more than 4 billion years ago when the kilograms (161 pounds) on Venus. There, though, the 
Sun was dimmer and less powerful than it is now, current-day similarities all but end. 

Venus had oceans of liquid water on its surface. The reason for the vastly different modern 

Back then, the planet may have been almost environments is due to a process known as the 

truly Earth-like. Whether it may actually have been runaway greenhouse effect, and it is here we 
habitable is currently unknown, but the possibility. discover why the two worlds have taken different 
that it might have hosted water is alluring. If it did, paths. While Venus may have once had water on the 
how did the path of its formation ultimately diverge surface, today the only such liquid present is in the 
from Earth's? The answer reveals how this planet, atmosphere, and in sparing amounts. If you were to 
while it could be considered Earth’s twin, is vastly gather all the water on Earth and spread it 
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Venus: Earth's evil twin 


evenly across the surface, you would have a global 
ocean three kilometres (1.9 miles) deep. Do the same 
on Venus and it would be just three centimetres (1.2 
inches) deep. 

It is this water - or lack thereof - that provides 
clues into Venusian history. As mentioned, earlier 
in the Sun's 4.6 billion-year existence, it is believed 
to have been significantly cooler. In fact, 3.8 to 2.5 
billion years ago it is believed to have been about 25 
per cent less bright than it is today. This would likely 
have allowed water to exist on the surface of Venus, 
although exactly how much and how widespread it 
would have been is unknown. Some have suggested 
oceans may have lasted on the surface as long as 
2 billion years. 

This has led some theories to emerge that there 
may even have been life on the young Venus. While 
no such evidence has yet been found, the thought is 
an intriguing one. It would mean the planet was even 
more Earth-like than thought. Perhaps, like Mars, its 
surface was partially carved by running water. 

One of the reasons it's difficult to know whether it 
had water on its surface is that its surface has since 
been covered with lava, unlike Mars where we can 
still see the evidence for ancient lakes and rivers. If 
there is ever another mission to the surface of Venus 
in the future, scientists will be hoping to look for a 
water-bearing mineral called tremolite. This mineral, 
which forms in the presence of water, could be 
used as a kind of ‘clock’. If it is found to be present, 
scientists will be able to work out when there was 
water on the surface of Venus, as the decomposition 
rate of tremolite is accurately known. On top of this, 
if water did exist on the surface of Venus for 2 billion 
years, the prospect of complex life forms emerging 
is a promising one. Perhaps even the seeds of life on 
Earth began on Venus. It may not be sucha 
non-identical twin as once thought. 

Ironically, however, it was this water on the 
surface of Venus that would ultimately become its 
downfall to the modern hell that we can see today. 
Like Earth, the rocky core of Venus began to take 
shape in the early Solar System 4.5 billion years ago. 
This process, known as core accretion, saw some of 
the material remaining after the formation of the 


=e Is this what,Venus once lookeC "a. 


* like? It's possiblethe planet may 
““have been covered in oceans of 


liquid water before it heated up and 


‘ -became the planet we see today | 
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Venus and Earth: 
Two worlds apart 


On paper they might seem similar, but under the 
surface they are two vastly different planets 


Atmosphere 

Ninety per cent of Earth's 
atmosphere is within ten kilometres 
(6.2 miles) of the ground. It contains 
the air we breathe and shields us 
from most of the Sun's dangerous 
ultraviolet radiation. 





Appearance 

Both Venus and Earth have clouds 
visible from space. The difference, 
though, is that breaks in Earth's 
cloud mean its surface can 
be seen. Venus, having luge 
undergone a severe 
greenhouse effect, 
has a thick, ever- 
present layer. 
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~~ Orbit 
Earth orbits the Sun ata 
distance of about 150 million 
kilometres (93 million miles) 
in 365.25 days..One complete 
rotation of our home planet 
takes 23 hours, 56 minutes Convective cells of semi- 
and 4.1 seconds. molten rock called magma. 


x. : drive tectonic processes. 


® Mantle 
Earth's mantle is about 
2,900 kilometres (1,800 
miles) thick, and is the 
VV (e (t=) mmc=\el (0) a oy me) 0) mm 8) | 


Earth's nickel-iron core is composed 
of two layers. The outer core is 
2,300 kilometres (1,430 miles) 
thick and the inner core is 1,200 
kilometres (745 miles) thick and over 
5,000°C (9,000°F). It's thought 
that the inner core rotates faster 
than the outer, giving our planet its 
magnetic field. 





Crust 

Just beneath the dirt and silt on the 
surface is Earth's crust, which is up to 
50 kilometres (31 miles) thick in the 
continents and ten kilometres (6.2 
miles) thick in the oceans. 
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Leal 
® Orbit 
Venus orbits the Sun at a distance @ Rotation 
of about 108 million kilometres Because of its incredibly slow 
(67 million miles) every 224.7 retrograde rotation, a day on 
Earth days. It rotates retrograde - Venus (243 Earth days) is longer 
backwards to its direction of orbit than its year (224.7 days). 
- which means that the Sun rises in 
the west and sets in the east. 





® Atmosphere 
About 90 per cent of the 
Venusian atmosphere is within 
50 kilometres (31 miles) of the 
surface. A 20km- (12.4mi-) 
thick blanket of cloud begins at 
around 60 kilometres (37 miles), 
mostly composed of tiny drops 
of sulphuric acid. 


It's thought that 600 million.years ago Venus had 
a multitude of active volcanoes on its surface and 
it might still have some today 
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@ Appearance Temperature 
| From orbit the human on Venus 


| eye would see Venus as a 
| yellowish-white ball with ee ee ae 


_ few discernible features 5,500°C /9,932°F 


as it is covered in clouds 


that reflect 75 per cent ) — Ignition temperature of 
of incident sunlight. Most magnesium 


of the images we see 473°C/883°F 
are taken by spacecraft eeeiS taco OF Venus 
using special filters like ss 5 

ultraviolet and infrared to : 462°C/864°F 

make its features more »— Surface of Mercury (daytime) 


noticeable to us. - 430°C/806°F 








Core =— Melting point of lead 
The interior of Venus is 327.5°C/621.5°F 
likely to be quite similar to lal 
Earth. It likely has a molten ‘ 
core made mostly of iron 
and nickel. It is probably a 
about 3,000 kilometres | 


Laue ns i -— Hottest air temperature on 
BIOH ENE Wise ene C6!) Earth (Death Valley, California) 


be. *— Boiling point of water at sea level 
oe 100°C/212°F 





rotate fast enough for it to 


°o °o 
Crust | generate a magnetic field. 37°C/135°F 
The Venusian crust is thought to be | a 
about 50 kilometres (31 miles) thick. aera & Ss — eulace or (average) 
Evidence suggests that the crustdoes | 15°C/59°F 





not shift and undergo plate tectonics 
today like Earth does. 





»— Surface of Mercury (night-time) 


ae -170°C (-274°F) 
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Venus: Earth's evil twin 


| 
Sun coalesce into larger objects, in this case the four PP th f th 
inner terrestrial planets. Mercury, being the closest P, | G oO e 
planet to the Sun, was unable to form any significant | ts 
see it today, a barren and dry world owing to its close p : in : 
proximity to the star. 
received the least amount of light and heat of the set these )elalets Old iozieal that juelentae! 
four, and thus its attempts to hang onto whatever daasmisilemeacmnvesers they Pile) today 
by its vast distance from the Sun. Earth, being right Biny, 
in the habitable zone of the Sun, contained the 
hold on the surface. Venus remains a 

Venus, too, was partially within the habitable zone barren, hostile world, 

we know it. Thanks to 

may have been able to form on its surface. However, its thick atmosphere, it 
2.5 billion years ago the Sun, after going through Thousands of volcanoes 
its period of decreased activity discussed earlier - the Solar System. ees een ell cteiot 
known as the Archean Eon - began to heat up and ; sas lava and obscuring 
planet of Venus were devastating. Where it once had | | | or craters. 
Water and maybe even life on the surface, now its ay; 

On Earth the Sun also heats up our planet, but 
the heat is not sufficient enough for the oceans to 
between the amount of heat enteringand =o 
leaving the planet. Our atmosphere is not - 
reflecting off the planet's surface, while | 4% 
there is not enough evaporated water 


atmosphere and almost certainly began life as we 

Mars, being the furthest of the terrestrial planets, How the evolution of Venus and. Earth 
atmosphere or water it had were ultimately doomed @ Earth 
necessary conditions for water and later life to grab ; | 
of the Sun, lending credence to the theory that water Jali cM Se) SAE 

is the hottest planet in may have erupted, covering . 

become as bright as it is today. The effects on the from view any ancient rivers 
oceans began to evaporate. 
evaporate; there is a relatively steady balance 
thick enough to trap too much of the heat 
vapour to completely enclose our planet ' 


in thick clouds and prevent reflected heat 
A - 
from escaping. | : 
Unfortunately the same was not true YY : 


on Venus. Being 7O per cent closer to the 
Sun than Earth, it was subjected to more heat 
when the Sun began to increase in activity, and 
once temperatures had surpassed 27 degrees Celsius 
(80 degrees Fahrenheit), there was no turning back 
as more water began to evaporate and temperature 
increased exponentially. As more water vapour was 
pumped into the atmosphere, thicker and thicker 
clouds were created, trapping more and more 
heat and causing more water vapour to evaporate. 
The process was unstoppable once it had begun, 


provoking the term ‘runaway greenhouse effect’. @ Today 

Eventually, the planet became so hot that carbon Our planet continues 
in the rocks began to sublimate - which means to have the necessary | 
it turned straight from a solid into a gas. Mixing conditions for life (a Complex life 
with oxygen, this formed carbon dioxide in the | not only to survive, Eventually, perfect 
atmosphere, which as we know on Earth is a | but also thrive, with — conditions allow 


temperatures remaining complex multicellular 
within habitable levels. life to.arise, before an 


“There Wds No explosion of evolution 
turning back as ee cvigeoeae 
Water began to Ha aes 
evaporate and 
temperature 
increased 


exponentially” J 


20 


4.5 billion years ago | | 


The Sun's activity was only about 
75 per cent its value today. This ~ 

may have let water form on 

the surface of Venus when the 

temperature was lower. 









The Sun's activity increases Sei 
to modern levels, raising 


The second planet 
- the temperature on Venus. 





- Earth forms 


Eventually it becomes hot We al gees | | 
ho y 7 asgasanddustinthe = =. ae Our planet forms by . 
. enough for the oceans to MaorlviGolarsuctany “oe oe fa ; it: 
- begin evaporating -. early yst a accreting material in 
aie clumps together by ~ . oe the solar nebula into 
| _ the force of gravity. ‘one clump, eventually .. . 


forming a world slightly 
larger than Venus. 


@ Runaway greenhouse effect 





@Lifeforms.:. | 
~ About 3.8 billion years 

ago, life begins to 
appear on the surface in © _ 
the pools of water that. - 
can exist owing toour _ 
planet’s moderateand 
habitable temperature. . 


@ Oxygen arrives 
Photosynthetic life, such 
as plants, turns carbon. 

xe] ()4(e(-Me)an t-l ada ialce) 
oxygen, creating an 

; » . even more hospitable 

atmosphere for life as we 

know it now. 


PA | 
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Earth 
The greenhouse effect 


Why is Venus so much hotter than Earth? 


® Incoming sunlight 
Light from the Sun 
travels to Earth, passes 
through the atmosphere 
and strikes the clouds 
and surface. 












@ Clouds 
Some of the heat 
from the Sun is 
reflected by clouds 
from Earth into space. 





pine 
eleleiueya 
escaping 
to space 





@ Reflective 
clouds 
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@ Reflection 
Unlike what happens 
on Earth, not as much 
sunlight can pass back 
through the atmosphere 
as infrared heat. 


Surface 

Sunlight that does 
make it to the surface 
is either reflected 

Ko) WElaeman(=melelU(eime)s 
absorbed, heating 
the ground. 
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Venus 


@ Clouds 
The thick clouds of 
Venus reflect 75 per cent 
of the incoming sunlight, 
making the planet seem 
like a white-yellow ball 
from space. 


pire 

eleleine)s 
escaping 
to space 


@ Reabsorbed infrared 
As a result the heat reflects back 
down again, remaining trapped on 
the planet in an extreme version of 
the greenhouse effect. 












Venus: Earth's evil twin 


powerful greenhouse gas - although not as powerful 
as water vapour. It was enough, though, to continue 
raising temperatures on Venus to catastrophic 

levels. Eventually all the oceans on the surface were 
baked away, leaving a scorchingly hot surface with 
extremely high pressure, 90 times as intense as on 
Earth’s surface. Today the average temperature is 462 
degrees Celsius (864 degrees Fahrenheit), making 

it the hottest planet in the Solar System despite 
Mercury being significantly closer to the Sun. Such 
is the thickness of the Venusian atmosphere that it 
is impossible to image the surface from orbit, and 
instead scientists have had to rely on radar imaging 
to map the surface. 

The water vapour in the Venusian atmosphere 
would eventually be broken down into hydrogen and 
oxygen, the latter mixing with carbon to form carbon 
dioxide, leaving the poisonous atmosphere that 
remains today. It is now composed of 96.5% carbon 
dioxide, 3.5% nitrogen and trace amounts of sulphur 
dioxide, argon and the original water vapour. 

This atmosphere itself is a fascinating place. It 
takes the planet 243 Earth days to complete one 
rotation, but the hurricane-force winds moving at 
60 times the speed of the planet's rotation whip 
the atmosphere and clouds around Venus in just 
four days. This means the whole atmosphere 
is continuously and rapidly circling the planet, 
while at the poles huge circles of winds known as 
anticyclones rage. On Earth, for comparison, the wind 
speeds of hurricanes are typically only a tenth toa 
fifth of our planet's rotation speed. 

One unexplained mystery of Venus is that the 
wind speeds are increasing at a significant rate. When 
ESA‘s Venus Express first arrived at the planet in 
2006, wind speeds around the equator were clocked 
at about 300 kilometres (186 miles) per hour. In 2013, 
however, it was revealed they had increased vastly 
in speed to 400 kilometres (250 miles) per hour. 
“This is an enormous increase in the already high 
wind speeds known in the atmosphere. Such a large 
variation has never before been observed on Venus, 


Aseries of Soviet spacecraft returned the first ever 
images of the Venusian surface, including this image 
taken by Venera 13 on 3 March 1982 
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Could Earth become 
Venus 2.0? 


The Sun's rising luminosity will 
eventually cause Earth's oceans to 
evaporate - just like Venus 


® Goldilocks Zone 
Most stars in the universe are thought 
to have a habitable zone, the region in 
which water can form on a planet - not 
too hot and not too cold. Whether a 
planet is in the habitable zone or not 


Extreme habitability 


2 
=) 


Ideal zone will vary depending on the size of the 
l star and the planet's distance; in other 
I words, how much sunlight it receives. 
l 
I 
i 
I ® Evaporation 


| Nearly identical to what 

happened to Venus, our present , peeeescese 
oceans will evaporate and will 
| fill our atmosphere with water 
vapour, dramaticall 

tempe 


cecccccccccccoes Mars orbit ®****eeee 





DISTANCE FROM SUN (Av) 
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. see 


Too hot @ 

Studying Venus and 
working out where the 
Venus zone around our 
star begins, could help us 
in our hunt for habitable 
exoplanets outside the 
Solar System. 
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and we do not yet understand why this occurred,” 
says Igor Khatuntsev from the Space Research 
Institute in Moscow, in a statement from ESA at the 
time of the discovery. 

Interestingly, though, not all of the atmosphere on 
Venus is so hostile. At a height of between 50 to 65 
kilometres (31 to 40 miles) can be found, truly, the 
most Earth-like place in the Solar System. Here, the 
composition of the atmosphere is actually breathable 
for humans - 21% oxygen and 78% nitrogen - as 
these lighter gases rise above the heavier poisonous 
gas layer on the ground. In addition, the temperature 
and pressure here is very similar to that on Earth. 
Thus, it has been suggested that this band of the 
Venusian atmosphere may be suitable for future 
exploration, and even potential colonisation. Such an 
endeavour is not unprecedented; in 1986 two Soviet 
spacecraft, Vega 1 and Vega 2, deployed balloons that 
floated in this Earth-like region of the atmosphere. 
They lasted 56 minutes and 46 hours respectively 
from their injection into the atmosphere to their 
ultimate demise, revealing key features of this 
incredibly fascinating layer, including evidence for air 
moving vertically and not just horizontally. 

One of the interesting side effects of the process 
that led to the formation of the modern Venusian 
atmosphere, and one of the Key pieces of evidence 
for its occurrence, is the lack of small-impact craters 
on Venus unlike on Earth. Data from the Soviet 
Venera spacecraft and NASA's Magellan probe 
revealed few impact craters with a diameter less 
than 30 kilometres (19 miles), and none smaller than 
two kilometres (1.2 miles). This is because smaller 
asteroids and comets were simply burnt up in the 
thick atmosphere of Venus. It's possible that some 
small craters were created before the atmosphere 
became so thick, but they have since been covered 
up by a hypothesised period of increased volcanic 
activity on the planet. 

There are tens of thousands of known dormant 
volcanoes on the surface of Venus, with the true 











number possibly approaching a million. Detections of 
; Near future _} ® Molten planet sulphur dioxide in the planet's surface lends credence 
‘ In as little as 850 million In about 1.15 billion years to the idea that these once erupted. Scientists now 
' years, temperatures at the our planet might reach a 
equator on Earth could reach temperature approaching rT . . 
1 Stigounet ‘zweaseenent "GOO million years 
rag greenhouse effect, rendering will have long since killed ia’ ] 
S the planet uninhabitable to any life on the surface. ALO i e Dp anet 
a life as we know it. h h 
3 went through a 
Q. e e 
period of intense 
4 4.5 5 5.5 6 | . 1X77 " 
AGE OF THE SUN Volcanic activity 
(BILLIONS OF YEARS) 
Exploration of Venus 
@ 14 December 1962 ® 15 December 1970 @ 22 October 1975 ® 1 March 1982 
Mariner 2 2 Venera 7 a Venera 9 Venera 13 
This NASA spacecraft =, This Soviet probe was == Venera 9 was the first The Soviet Venera 
was the first to visit ! p= spacecraft to orbit 13 holds the 





Bay K the first to successfully 


'G) a 





another planet, as well 
as scanning Venus’ 
surface and atmosphere 


land on another planet. 
It survived for 23 
minutes, measuring 


Venus, while its lander 
returned the first images 
from the surface. It also 


record for the 
longest survival 
time on the 









measured the chemicals 
in Venus's clouds. 


surface of Venus, which happened 
to be more than two hours. 


to observe the 
planet's temperature. 


temperatures of 
475°C (887°F). 
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think that about 600 million years ago the planet 
went through a period of fairly intense volcanic 
activity, for reasons unknown, that covered most 

of the previous features of the surface in lava. In 
March 2014, scientists spotted four bright spots in the 
Venusian atmosphere that might be a sign that this 
period of volcanic activity is still ongoing. Like Earth, 
parts of Venus were likely sculpted by these violent 
volcanic eruptions, remaining as huge dormant 
structures today. 

It is tantalising hints like this that remind us how, 
despite being completely uninhabitable to all life as 
we know it today, Venus is a remarkable world that 
wasn't so different to Earth in the past, yet is still 
similar to our planet in some aspects. With only a 
handful of planets to study in the Solar System, and 
the exoplanets beyond far out of our reach for the 
time being, Venus offers a fascinating opportunity to 
study a planet somewhat similar to our own. It may . 
even reveal what will become of Earth in the future —s . yr 
as the Sun's luminosity increases. However evil the ; - = * 
picture that we might paint of it, it's the only twin fF it 54 i. ‘yp 
we've got for now. @ ". 4 4 . 





On the surface of Venus 


How does the ground on the hottest planet in the Solar System compare to elsewhere? 








ltokawa Moon Venus Mars Titan Earth 
Most asteroids like Earth's Moon also does Venus is a rocky planet, The red planet is a Not much is known Our planet has the 
ltokawa are similar in not have an atmosphere, — but with a smooth mixture of other worlds. about the surface of wettest and most varied 
appearance. They have so its surface is strewn surface. Much of its It has valleys, mountains, this Saturnian moon, surface in the Solar 
an irregular shape with with craters. It also ground is young owing deserts and even ice but it appears to System. From mountains 
piles of rubble and craters has mountains, which to a period of volcanic caps like Earth, but also have pebbles and to oceans, deserts to ice 
left from impacts, as the may have formed from activity, while it has gently many craters, because its rocks rounded by caps, we have a variety 
surface is not protected giant impacts or from rolling plains and some thin atmosphere allows liquid, possibly both of life-supporting locales 
by an atmosphere. volcanoes - like Venus. mountains as well. meteorites to penetrate. methane and ethane. unique to our world. 
: . 
| 
Vega 1 and Vega 2 § Magellan Venus Express | Akatsuki 


ESA‘s Venus 
Express is the 


After a failed attempt 
to enter orbit on 7 
December 2010, JAXA's 
Akatsuki spacecraft is in 
the process of swinging 
around for another 
|attempt in late 2015. 


These twin probes 
became the first to deploy 
helium balloons in the 
atmosphere of Venus, 
lasting 46 hours and 
measuring atmospheric 
pressure and temperature. 


® The NASA probe 
“@ mapped Venus in 
unprecedented _ longest-serving 
detail, using radar Venus spacecraft. 
Pj to penetrate cloud It is currently beginning a 

® and reveal 98 per fiery series of plunges into the 
ie cent of the surface. Venusian atmosphere. 
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Millionaire: 
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Fancy a trip around the Moon? That's what Space Adventures is offering to 
anyone who is able to afford the $150 million (£90 million) price tag 


Ml 





Descent module ™ 
The three occupants 
sit inside this module 
during launch and 
re-entry into the Earth's 
atmosphere. For this 
mission, the heat shield 
will be upgraded. 





i=\°)\0 7A) a5) i-)mancerel0l(=) 
This carries equipment and 
provides basic living quarters. It 
features the docking mechanism 
and transfer hatch that enables it to 
be connected to the ISS and to the 
Lunar Module. 








® Service module 
This carries oxygen 
tanks, power, navigation 
and propulsion systems. 
It features control 
thrusters to carry out 
docking manoeuvres 
with the ISS and the 

Lunar Module. 
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Destination Moon *) — 
It will take a few days to reach 
the Moon from the ISS. The 
spacecraft will swing around 
the normally hidden far-side 
and offer a view of Earth rising 
above the Moon. The last time 
this was witnessed was in 1972 
by the crew of Apollo 17, the final 
mission of the Apollo program. 


Multi-million and billionaires can book their flight 
around the Moon for as early as 2018, using Space 
Adventures’ imaginative use of existing spacecraft 
and technology. An essential cornerstone of this 

project are the Soyuz rockets, spacecraft that were 


originally designed to take cosmonauts to the Moon. 


They didn't achieve that goal, but in the Sixties 
and Seventies they were easily adapted to ferry 
cosmonauts and astronauts into Earth orbit and to 
space stations. In the decades since the demise of 
the Space Shuttle, the Soyuz craft has become the 
world’s safest and most cost-effective spacecraft. 
Each trip to the Moon will carry two tourists, 
who will spend at least eight months preparing 
themselves for the high G-forces of lift-off and the 
weightlessness of space, along with training in 
operating the Soyuz module, collecting data and 
conducting experiments. They will blast off from 
the Baikonur Cosmodrome in Kazakhstan, and 





a ® Propulsion 
This uses the Block 
DM space tug that has 
been regularly used as 
an upper stage on the 
Proton rocket to launch 
satellites into Earth 
orbit. It fires the two 
docked craft towards 
the Moon. 





dock with the ISS, where they will stay for ten 
days. While there, they will become acclimatised to 
living in space, carrying out a few observations and 
experiments. Meanwhile, a Proton rocket will blast 
off from Earth to deliver a Lunar Module into low 
Earth orbit. This unmanned craft will consist of a 
living module and a Block DM propulsion stage. 
The Proton rocket and Block DM are other 
blasts from the Soviet past. The Proton rocket was 
originally designed as an intercontinental ballistic 
missile, but the plans changed in the hope that it 
could be used to send cosmonauts around the Moon 
before the Apollo program. Since then it has been 
regularly used to launch satellites into Earth orbit. 
The Block DM was developed as the upper stage 
for rockets taking unmanned craft to the Moon. 
The 5.5-metre (18-foot)-long, four-metre (13-foot)- 
diameter space tug has a main engine that can be 
fired several times over a multi-day mission. It has 
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The two tourists and 
Me professional cosmonaut 
v4 will transfer from the 
Soyuz spacecraft to 
4 live in here during their 
7 journey to and 
from the Moon. 


been successfully used with the Proton rocket to 
send unmanned craft to the Moon, Mars and Venus. 

The Soyuz itself consists of three modules; 
a spherical living module at the front, an 
aerodynamically shaped re-entry module and a 
service module that carries the main engine, fuel 
tanks and solar panels. Only the re-entry module 
will return to Earth. 

Once the Lunar Module is safely in orbit, 
the tourists, along with a professional Russian 
cosmonaut, will re-enter the Soyuz spacecraft. 
They will then leave the trusty ISS to rendezvous 
and dock with the Lunar Module. The module will 
provide far better and bigger living quarters than the 
Soyuz, and the Block DM engine will send the two 
docked craft in a trajectory around the Moon and 
back to Earth. The circumlunar flight will take them 
within 100 kilometres (62 miles) of the lunar surface 
and they will enjoy the sight of the normally hidden 
far-side of the Moon. Not only that, they will also 
get a spectacular view of planet Earth rising above 
the surface of the Moon. This part of their space 
vacation will last six days and culminate with it 
jettisoning the Lunar Module and returning to Earth 
inside the Soyuz spacecraft. The Soyuz capsule 
communications and navigation systems will be 
upgraded, and it will need a different heat shield, 
as the craft will re-enter the Earth's atmosphere 
at a greater speed than if it was merely returning 
from Earth orbit. By skipping the Soyuz through the 
atmosphere, its will slow enough for it to make a 
parachute landing to the ground. If there is sufficient 
demand, Energia and Space Adventures will launch 
a series of expeditions to the Moon. @ 
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A Martian rover is spotted from up above el 
by an orbiting satellite ra 


This is Victoria crater, a relatively small, 8300-metre 
(2,625 foot) wide, but nonetheless impressive feature 
found at Meridiani Planum near the equator of Mars. 
You can see the sedimentary rocks that have been 
exposed along the inside of the crater wall, while 
sand has piled high down into the floor of the crater, 
obscuring the characteristic central peak featured by 
most small-impact craters. 

Shot by the High Resolution Imaging Science 
Experiment (HiRISE) on the Mars Reconnaissance 
Orbiter (MRO), this image really stands out on its 
own. However, there's a tiny, yet significant detail 
that makes this photo particularly special: showing 
up as an anomalous steel-grey spheroid on the 
yellow background is the Mars Exploration Rover, 
Opportunity, going about its daily business with its 
tracks strewn around it. 

At the time that this image was taken (October 
2006), Opportunity had only been at Victoria crater 
for a few days and was investigating the geological 
history of Mars. It was unknown whether the rover 
would even survive the Martian winter - however, 
this tenacious robotic explorer has endured dust 
storms and system failures through to 2014, 
continuing its extended science mission in its tenth 
year on Mars. 





Opportunity has been 
exploring Mars since 2004, 
exceeding its expected 
lifetime by over ten years 
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Interstellar space travel 


To date, mankind has managed to send just one 
object beyond the boundary of our own Solar 
System. Voyager 1 received gravity assists from both 
Jupiter and Saturn that boosted its speed to over 
61,000 kilometres (88,000 miles) per hour, but it 
still took 35 years to spiral outwards into interstellar 
space, 20 billion kilometres (12 billion miles) away. At 
this speed, Voyager 1 would take another 
75,000 years to reach our nearest star, 
Proxima Centauri. 
i-. Pa That's because 61,000 


= 


a <a kilometres (38,000 miles) per hour 


is actually very slow. It's just 0.005 
per cent of the ultimate speed limit for the 
universe: the speed of light. If you drove your 
car at the same fraction of the motorway speed 
limit, you would be travelling ten times slower than 
a snail. Clearly, we are never going to explore beyond 
our own Solar System so long as we continue 
travelling at the speed of our current probes. Even at 
the speed of light, the universe is still far too massive 
for us to comfortably explore. It would take more 
than 100,000 years to cross our galaxy, 2.5 million 
years to reach the next one, and 45 billion years to 
reach the edge of the known universe. What we need 
is some way to travel faster than the speed of light. 
The problem is that Einstein said this is impossible. 

Here's the reason: Einstein's law of special 
relativity says that the speed of light (referred to by 
the letter 'c') is always constant, no matter where 
you are in the universe or how fast you are moving. 
If you shine a torch out of the front window of a 
spaceship that is travelling at half the speed of light 
(0.5c), that beam travels away from you at Ic. An 
observer, however, hovering in space as you zoom 
past would also see the beam travelling forward at 
the speed of light, not 1.5c as you might expect. And 
if you shine it out of the rear window, both of you 
will still see the beam travelling at lc. This is because 
relative velocities don't just add together in a simple 
way. It only seems that way to us on Earth because 
it’s an approximation that works at low speeds. The 
faster you go, the less accurate this approximation 
is, but the difference is only really appreciable once 
you go faster than about ten per cent of the speed of 
light (O.1c). 

As arocket fires its thrusters, it gets faster, but the 
amount its speed increases by for each second of 
thrust is less each time. The rocket could accelerate 
forever and still never reach the speed of light. This 
is why physicists say that it would take infinite 
energy to reach the speed of light - infinity is 
another way of saying ‘never’. If you can't reach the 
speed of light, it follows that you can't ever go faster 
than it. This is true for any object that has mass. 

Suppose we give up on exploring the universe, 
or even the galaxy. What if we simply settle for just 
travelling close to the speed of light without actually 
exceeding it? There are at least 50 stars within 16 
light years of Earth, which would let us send a probe 
there and beam back the data in the same amount 
of time that the Voyager missions have been 
running. If you accelerate your probe at a constant 1G 
(a unit of acceleration that roughly equals ten metres 
[33 feet] per second squared) for two years, it would 
be travelling at 97 per cent of the speed of light by 
the end. That certainly sounds manageable, until you 
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The father of 

the warp drive 

& Dr a Alcubierre tells 
A 





us about his 1994 paper 
that covered warp drives 
and bubbles in space-time 


Does general relativity permit warp bubbles for 
warp-drive technology? 

Warp bubbles are theoretically possible in the 
sense that the required geometry of space-time is 
easy to write down. However, they are certainly 
not solutions in a strict sense. 


What are the biggest obstacles to creating one? 
1: The warp drive would require ‘exotic matter’, 
with negative-energy densities (antigravity) 

that - as far as we know - do not exist. It would 
also require some very weird distributions of 
momentum and stresses. 2: Even if you get 

your hands on negative energy and manage to 
manipulate it, you would need star-sized amounts 
of it. 3: At super-luminal speeds, the front of the 
warp bubble is disconnected from the centre. This 
means that a spaceship sitting in the centre of the 
bubble has no way of placing the required matter 
and energy at the front of the bubble. As a super- 
luminal warp bubble cannot be created from 
within, it would have to be set up in advance 
from the outside. 


What happens to the ship if the warp bubble 
collides with an object while in motion? 

It depends on the details of the geometry. Of 
course, hitting anything at a high speed is always 
very dangerous. 


Are there other risks with manipulating space- 
time directly? 

These are questions that can't be answered 
without knowledge of the properties of the 
negative energy, which might not even exist. It's 
like asking the Ancient Greek philosopher 
Democritus if you could use his atomic theory to 
build a bomb. 


consider the logistics of firing an engine for that 
long. The Saturn V rocket used for the Apollo 
missions, for example, fired its engines for less than 
20 minutes total at an average acceleration of about 
1.5G. In order to achieve even this short period of 
acceleration, the weight of the discarded stages and 
fuel was 60 times the weight of the spacecraft that it 
propelled to the Moon. 

To accelerate a rocket continuously for two years, it 
would need a lot more fuel, but that fuel would need 
to be accelerated as well, which would require even 
more fuel and so on. This runaway cycle gets out of 
hand very quickly indeed. In fact, even if you only 
wanted to accelerate your space probe to about 0.5 
per cent of the speed of light, so that it could reach 
Proxima Centauri in 850 years, a chemical rocket 
would need more hydrogen fuel than there is in the 
entire universe! 


Journey to Proxima Centauri 





The Helix Nebula is one 

of the closest to Earth, but 
even travelling at light 
speed, it would take a craft 
700 years to reach it. There 
has to be another way 





You could improve efficiency by switching to 
nuclear rockets that use fission or fusion to propel 
your ship with superheated streams of gas. Or, for the 
ultimate efficiency, you could use matter-antimatter 
conversion. This might drop the total amount of 
propellant you'd need to about ten railway tankers’ 
full. Yet if you want the probe to slow down at the 
other end, you'd need to bring ten railway tankers’ 
worth of propellant to your destination, which would 
increase the amount of propellant you'd need to get 
it there to about a thousand supertanker ships’ worth 
of antimatter; a substance that is incredibly difficult 
to produce. It would take scientists at CERN an entire 
year to create just a billionth of a gram! It's possible 
that in the future we may be able to do away with 
the need to carry propellant on the spaceship at all. 

In August this year, a research team at NASA 
tested a device that appears to produce thrust 
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The dangers of warp travel 


Even if we manage to build a warp drive, would we dare turn it on? 





RADIATION 


Researchers at the 
University of Sydney in 
Australia have calculated 
that particles and radiation 
could be caught up in 
the bow wave of a warp 
bubble as it travels. When 
the ship decelerates, the 
accumulated particles 
would be released in a 
devastating burst that 
would destroy anything in 
the path of the ship. 





COLLISIONS 


The physics of warp 
bubbles aren't well enough 
understood yet to know 
exactly what would happen 
if your course takes you 
through the path of a 
planet or star. Would it be 
brushed aside? Would you 
pass harmlessly though it? 
Or would you be instantly 
vaporised? If you fly inside 
the event horizon of a black 
hole, could you escape? 





NEGATIVE 
ENERGY 


What are the properties 
of negative energy? 
How would you store it? 
What happens if your 
negative-energy battery 
short-circuits? Whatever 
the details of the ensuing 
catastrophe, the numbers 
involved are likely to be so 
big that it could destroy the 
Solar System, never mind 
the spaceship. 





BLACK 
HOLES 


Even if the negative energy 
doesn't explode, distorting 

space-time so heavily could 
easily create a singularity, 
where space-time curves 
in on itself completely - in 
other words a black hole. 
Even if the spaceship itself 

escapes inside its own warp 
bubble, the consequences 

for those left behind would 

be disastrous. 








VIOLATING 
CAUSALITY 


In certain circumstances, 
travelling faster than the 
speed of light can enable 
you to travel back in time. 
If the universe doesn't 
somehow prevent this, you 
could create all sorts of 
mind-bending paradoxes, 
such as going back and 
killing the inventor of the 
warp drive, or your very 
own grandparents. 


‘Tt's possible that in the future we may 
be able to do away with the need to 
carry propellent on the spaceship at all” 


out of nowhere by bouncing microwave beams 
inside a closed chamber. If - and it’s a big if - the 
results aren't due to experimental error, this device, 
known as the Cannae drive would appear to break 
a fundamental law of physics. A less speculative, 
propellantless propulsion system would be to use a 
light sail that catches a stream of photons fired from 
a highly-focused laser on Earth. Whichever way 
you do it, you still have to deliver enough kinetic 
energy to the spacecraft to increase its speed and 
even without the effort of accelerating the mass of 
the propellant, the energy requirement is enormous. 
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NASA's Glenn Research Center has estimated that 
sending something the size of the Space Shuttle on a 
50-year one-way trip to our nearest star would need 
70 million trillion Joules of energy. This is equivalent 
to diverting the entire electricity-generating capacity 
of the UK full-time for all of those 50 years. However 
you do the sums, conventional propulsion techniques 
just aren't powerful enough to explore the stars. 

Yet there might be a loophole. Special relativity 
says that no object can be accelerated to the speed of 
light, but it doesn't say anything about how fast space 
itself can move. Think of an airport travelator. You 


Proxima.Gentauti: 
4.2ly from Earth 


Light-speed 
spacecraft 
Journey time: 
4.2 years 


walk along it at your normal pace, but because the 
floor is moving as well, your total speed seems much 
faster to someone walking beside the travelator. We 
aren't adding the velocities of two objects moving on 
the ground; instead we are moving the very ground 
we walk on. Einstein's theory of general relativity 
showed that the three dimensions of space itself 

can be stretched and curved. It’s a bit like a map. 
Maps can be flat and show places according to their 
positions along the width and length of the paper, 

or they can be globes that show them using latitude 
and longitude. The map is two-dimensional in both 
cases, but with a globe, those dimensions are curved 
into a third dimension. Over short distances, if the 
curvature is quite small, the surface of the globe will 
still seem flat. But if you stretch it more dramatically, 
some interesting things happen. 

Suppose our universe globe is painted on a 
balloon and you push your fingers in from opposite 
sides so that the surface gets more and more 
indented. Eventually, your fingers are touching, with 
just the skin of the balloon between them. If you 
could punch through this skin without bursting the 
balloon, you could hop from one side of the universe 
to the other without travelling all the way around the 
outside. This form of distortion is called a wormhole. 

One common objection that is raised against 
wormholes as a practical form of travel is that you 
need to position the far end where you want to 
go before you can travel there. If the ends of the 
wormhole are some kind of Stargate device, you 
would need to physically transport one of them 
there at sub-light speeds first. However, the amazing 
properties of wormholes could come to your rescue. 
A spacecraft carrying a Stargate doesn't need to bring 
its own fuel because you can just pipe fuel through 
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Warp drive 
starship 


Dr Harold White's warp travel 
spacecraft of the far future 












Space efficient 

The larger the warp 
bubble, the more 
energy it will inevitably 
need, so it is important 
to utilise the space 
inside it as efficiently 
as possible to store as 
much energy as it can. 


Solar panels 
When the ship isn't 
travelling at warp 
speed, it will still use 
old-fashioned solar 
power in order to 
preserve its precious 
supply of antimatter 
| fuel for the warp drive. 





© Impulse drive 

"| There may be 
restrictions on using = 
warp drive at low | Crew section 
speeds or when near Tamearewaaliele|(-Meymant= 
planets, so traditional : warp bubble, space- 
reaction jets will still be time is perfectly 
needed when it comes : flat, so the crew will 
to manoeuvring. , experience absolutely 


aee=(ee=)(=)e-10(0) ie 
they make their way 
between the stars. 


Warp rings 

The energy needed : 

to create the warp ‘> International 

bubble is greater if the (clohre) 8y=1r-t(0)p 

boundary of the bubble The resources needed 

is sharp. Using thicker to research, develop 

rings, Dr White thinks and build a warp ship 

a we could produce a will exceed the budget 

thicker warp field. of any one country, so 
every nation will need 
to join in. 
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the wormhole and have it delivered instantly, 
regardless of how far the ship has travelled. This 
doesn't violate the law of conservation of energy, 
because the extra mass you have supplied to the 
travelling ship causes the wormhole to shrink. To 
keep the size of the wormhole constant, you would 
A warp drive may need , 
antimatter to supply need to pump extra energy into the device that 
enough energy. This powers it. According to professor John Cramer of 
will have to be stored the University of Washington, every kilogram (2.2 
inside electromagnetic- pounds) of fuel that you send through the wormhole 
confinement tanks to would need 25 million megawatt-hours of extra 
stop it from touching power to keep the wormhole open. This is roughly as 
the sides of the ship. much electricity as the entire world produces every 
five weeks, so even if we diverted all our power into 
the Stargate, we wouldn't be able to send more than 
two kilograms (4.4 pounds) of fuel per month. 
Imagine we have access to enough electricity 
wi to be able to pump fuel constantly through the 
wormhole and allow the spaceship to accelerate 
close to the speed of light (let’s say 99.995 per cent) 
and we send it to Tau Ceti, a star 12 light years away. 
You might assume that it would be about 12 years 
before the spaceship would arrive and we could use 
, our wormhole, but Einstein showed that time slows 
~ » down the faster you travel. 
At 99.995 per cent of the speed of light, time 
would pass 100 times more slowly. So for the 
captain of the ship, the 12-year journey would 
only appear to have taken 44 days. This is only 
true for time aboard the spaceship of course, 
but remember that the Stargate it carries is 
connected through the wormhole to the 
other end on Earth. Anyone looking through 
the wormhole would see the same view 
out of the front window of the spaceship 
as the captain sees. This means that after 
just 44 days they would see Tau Ceti loom 
. into view, while Earthbound telescopes 
' would see that the spaceship was 
only one per cent of the way there! 
Convenient as this sounds, it 
raises a much bigger problem 
with faster-than-light travel. Ian 
Crawford is professor of Planetary 
Science and Astrobiology at Birkbeck, University 
of London. “With a faster-than-light drive, you can 
contrive situations where you would go backwards 
in time,” he says. “And that is a big problem. If it's 
possible to travel faster than light then there must be 
some higher-order physical law that would prevent 
you from messing around with causality.” Theoretical 
physicist Stephen Hawking calls this the chronology 
protection conjecture. “When space-time gets warped 
almost enough to allow travel into the past,” he says, 
“virtual particles can almost become real particles L...] 
And their energy [becomes] very large. This means 
that the probability of these [alternative] histories is 
&) (@olanlanleinlierciace)n array very low [| making the world safe for historians.” 
The warp bubble is So wormholes might stretch space-time to 
disconnected from the breaking point, but there are other ways to warp 
rest of the universe, so the 
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it that might allow us to travel faster than light, 
without travelling into the past. In 1994, Mexican 
physicist Miguel Alcubierre published a solution 

for the equations of general relativity that showed 

a way to create a bubble of distorted space-time 
around an object. By contracting space-time in front 
of a spaceship and expanding it behind, you could 
create a ripple in space-time that could roll across 

the universe, carrying the ship with it. The patch of 
Space-time immediately surrounding the ship would 
be flat so the ship wouldn't actually be moving in the 
traditional sense, but it would be carried on the ripple 
of curved space-time, like a surfer riding a wave. 

We don't know how to make wormholes or warp 
bubbles yet. All we know is that general relativity 
doesn't forbid them. However, the distortions that 
you need to travel faster than light involve bending 
space-time in the opposite direction to the way 
that gravity bends it. That suggests we would need 
negative matter or energy to achieve it. As exotic 
as that sounds, it’s possible that negative energy 
may actually exist. If you put two metal plates 
in a vacuum chamber and hold them about ten 
nanometres apart, they will be pulled together by 
something called the Casimir effect. This is thought 
to be because even a total vacuum has some energy 
and the space between the plates is too small for all 
the possible wavelengths of this vacuum energy to 
fit in it. So the gap between the plates somehow has 
less energy that the ordinary vacuum and they are 
pushed together by vacuum energy on the outside 
surfaces. Since the energy of the vacuum is zero, by 
definition, this means that there is negative energy 
between the plates. 

Miguel Alcubierre dismisses this form of negative 
energy. “Even if it exists, we have absolutely no 
idea how to use it for anything useful, let alone a 
warp drive.” Professor Crawford raises an even more 
fundamental objection. “The Casimir effect arises 
out of the quantum vacuum [...] We're trying to use 
quantum theory to generate negative energy as a way 
of keeping wormholes open, which are a prediction of 
general relativity, and we know that we can't marry 
quantum theory to general relativity yet.” In the same 
Way that the theories of electricity and magnetism 
were eventually realised to be different aspects of the 
same thing (electromagnetism), theoretical physicists 
have been working for decades to produce a theory 
of quantum gravity. “When we do have a theory that 
reconciles general relativity and quantum theory, 
we don't know whether these loopholes will still be 
there,” warns Crawford. “They might disappear once 
we have a more complete theory of gravity. On the 
other hand, a more complete theory may tell us that 
it's easier than we thought.” 

There are an estimated 10,000 times more stars 
in the night sky than there are grains of sand on 
Earth. If one per cent of them have Earth-like planets 
around them and one per cent of those have life and 
one per cent of those have intelligent civilisations, 


communicate with Earth “With a faster-than-light drive, you can 
uumedoft contrive situations where you would go 
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willl 


backwards in time” 
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Interstellar space travel 


that’s still about 10 million billion civilisations in 
the observable universe. If warp travel is possible, 
it seems even more extraordinary that we haven't 
been visited by any of them yet. This is known as 
the Fermi paradox, after physicist Enrico Fermi. One 
possible solution, known as the Zoo hypothesis, is 
that some sort of Prime Directive exists whereby 
spacefaring aliens all agree not to interfere with 
less advanced species. “The problem with the Zoo 
hypothesis,” says Crawford, “is that it would require 
all of these aliens to agree to the same set of rules 
for the zoo.” 

According to Crawford, the only way this might be 
plausible is if warp travel is possible. “In the context 
of near-instantaneous travel and communication, 
then it becomes possible to imagine galactic political 
structures - Empires and Federations - that might 
be able to impose quarantines on planets where 
intelligence has just emerged. Yet it also makes it 
much easier to travel interstellar distances, so in fact 
there is a balance between galactic-scale political 
institutions that can force Prime Directives and the 
fact that there will be many more intelligent beings 
flying around the galaxy.” 

NASA's official stance on warp travel places it 
firmly in the realm of speculation. This doesn't mean 
they are ignoring it completely though. Dr Harold 
White at NASA's Johnson Space Center in Houston, 
Texas, is working on a modified version of a device 
called a Michelson interferometer, which will use a 
ring of high-voltage capacitors to induce a small warp 
field. If it works, it should be possible to detect it by 
shining a laser through the field and measuring its 
speed. Results so far have been inconclusive, 
but professor Crawford applauds the effort. “Because 
the physics is still just not understood, most 
professional physicists won't engage with it. It's just 
considered too speculative. So it’s hats off to people 
like Alcubierre and Harold White and others who 
are sticking their heads above the parapet and 
pursuing the research seriously. I do think that's 
worth encouraging.” 

Ultimately, even if warp drives are possible, 
professor Crawford believes there's no guarantee that 
they would be any easier to build or less expensive 
to power than sub-light spaceships. “We don't 
know what's involved in building a faster-than-light 
probe, but we know we aren't going to wake up one 
morning and find that we've got it for Christmas. It's 
going to have to be developed, and developed from 
physical principles we don't understand. Interstellar 
space travel is really a matter of learning to walk 
before you can run. We have to gradually build up an 
industrial infrastructure within our own back yard, 
moving out into the Solar System, where eventually 
we will develop the expertise and the economic 
wealth that will enable us to invest some fraction of 
that in interstellar exploration.” 

Warp-drive research might seem like the 
philosophers’ stone, the substance that could turn 
other metals into gold. The quest for this shortcut to 
riches was one that obsessed alchemists for centuries 
and, of course, they never found it. However, their 
search laid the foundations for the understanding 
of chemistry that we have today, which eventually 
gave us electricity, nuclear power and rocket fuel. So 
perhaps it wasn't entirely a waste of effort after all @ 
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tourism 


Unless warp drive turns 
out to give us infinite 
speed, journeys beyond our 
galaxy are probably still out 
of reach. If we could travel 
at 1,000 times the speed of 
light, however, some very 
interesting places in the 


Milky Way would suddenly | 


become accessible: 


4, 
I 2 


.Warp-drive 





M80 


On the furthest side of the 
Milky Way to Earth, this 
globular star cluster is packed 
with hot blue straggler stars, 
which seem out of place and 


might have been captured by 


M80's gravity from another . 
part of the galaxy. 


a 


es High-velocity gas clouds | 


Distance: 14,000ly 


Lying above the plane of the | 


galactic disk, these clouds 
constantly bring new gas into 
the galaxy to allow it to keep 
producing new stars. We still 
don't know where the clouds 


+ come from though, so it would 


be very useful to be able to 


visit them. 
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Arches 
cluster @ Blue stragglers’ 
5 Blue stragglers are a rare and 
* This is the most puzzling sort of star that may 
densely packed form when binary stars merge. 
group of stars This reinvigorates their nuclear * 
, in the galaxy. fusion, making them seem | 
This cluster is | younger than the other stars in 
only about two. their neighbourhood. | 


million years old! — 
and contains 
some mysterious 
magnetic fields 
that trap arches 
of high-energy 
particles. 


n 
ss 





The central 30,000ly region of 
the galaxy is a swirling mass of 
hot, idnised gas and massive . 
_Stars. Dust clouds obscure our 
. 7 ~ view of it from Earth in the 
. visible wavelengths of light. 
Thissimage was taken with the i 
A af ™ Hubble Space Telescope's near- | 
é ; infrared Camera. 


= 


cs . ' Kepler-186f 
J - = 
* Currently one of the best 
, candidates for the most Earth- 
| like planet award, Kepler-186f . 
is just ten per cent larger than ° 

Tau Cetie @ | “I __ Earth, with a rocky surface 

“ ) and a good chance for surface 
, a *water. Its star is muchsfainter 

though; midday on this planet 

would be just like an hour 

before sunset on Earth. 














The existence of this exoplanet 
hasn't been conclusively proved yet, 
but it could be one of the nearest 
Earth-like planets to our own. With 
a warp drive, we could quite 
easily send a probe to take 
photos of its surface 


























’ Ancient white dwarfs 

Distance: 7,200ly 
The M4 globular cluster in the 
constellation of Scorpius contains 

> some of the oldest stars in the galaxy. 
These stars are 13 billion years old 
and formed quite early on in the life 
of the universe. They are now almost 

| burned out and quite cool and faint. 








Proxima Cetauri 


As our nearest stellar 
neighboflr, we should x : Sedna | 
certainly visit to see if it has * 
planets. Proxima Centauri 

is prone to sudden and 
dramatic flare-ups though, 

CYoM | me) xe) 9y-)5)\Vae(el=-Ja mar) = 
any native life. 






The furthest planetoid in our Solar 
System is puzzling. Its slow rotation 
Suggests it should have a Moon, but 
Hubble images don't show one. A 
quick trip with a warp drive could 39 
solve the mystery. 
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The road to 
interstellar 
travel 








First man on 
the Moon 








1916 


General relativity 

Einstein shows that space and time 
form a complex curved shape, which 
is determined by the amount of 
energy and matter in it. 
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Casimir effect \ 
Dutch physicist Hendrik Casimir 
predicts that negative energy / 
may create a force between git 
two metal plates. Fifty years wig 193 —. 
later, this force is measured. — =2Q 
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Warp bubbles 
Mexican physicist 
Miguel Alcubierre, 
publishes a paper 
suggesting that a 
spaceship could travel 
faster than light by 
distorting the fabric of 
space-time around it. 





1988 


Yo) ganlate)(=s 

The possibility of creating 

FRY e)sinlale)(-MaarelMelemae)el(e| 
use to teleport across the 
universe is suggested by 
Kip Thorne and Mike Morris. 
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First expedition 
to the ISS 
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a gs are as universally awe-inspiring and terrifying 
‘as Diack holes. These invisible behemoths are the great 


~ architects and the great destroyers of the universe 
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“ . ad ~~. Many 
rok Wore holes | 


started life 
as stars 


Stars spend their entire lifetimes outwards push, the balance is tipped 

wer resisting gravitational collapse. Their _in favour of gravity, and the star begins 
' enormous mass means that the gasis _ to collapse. For small stars, such as the 

continually pulled towards the core, Sun, the collapse is incomplete, and 

but instead of collapsing down, atoms repelling forces manage to hold the 

collide and fuse, releasing explosive last glowing embers open as a white 

satomic energy. Radiation pushes dwarf star. For a white dwarf star that 


outwards against gravity, holding the is larger than 1.4 times.the mass of 


rT} 
pAXs ative age, dated star open as a glowing ball of gas. _ the Sun (known as the Chandrasekhar 
As stars age, more and more of the __ limit), these*forces are insufficient, and 


able) eventually | ; atoms are ised, creating heavier and the star eojniginlelacmrone aetalesl ators 
iT heavier elements, and eventually the forming a dense neutron star, or a 
Starts Ke) Tun eal fuel starts to run out. Without the black hole. 


2 Supermassive 
black holes do 
not destroy 
everything 
around them 


Actively feeding supermassive black holes are some 
of the most violent places in the universe, and 


quasars devour the equivalent of tens to thousands 
of Suns each year, but amazingly, the galaxies that 
surround them do not disappear into the abyss. 
Despite their frightening reputation, black holes 

do not actually behave very differently to other 
massive objects in the universe, unless you get too 
close. Just as the Earth will not spontaneously crash 
into the Sun, objects in stable orbits around black 
holes are in no danger of being swallowed. 


www.spaceanswers.com 





S(O F-lesleVAlelemi-lense-lo.ebimelrlelalstelics 





3 Black holes 


slow the flow 
of time 


To an outside observer, an object 
falling into a black hole appears 
to slow down, before stopping, 
caught in suspended animation at 
the boundary. 


4 A black hole 
reveals no clues 
about what it has 
swallowed 


As matter enters a black hole it is 
stretched, pulled and eventually 
shredded. Even if something 
were to leak out, it would bear no 
resemblance to what went in. 


















5 They have no 
e e e 
size limit 
In theory, black holes continue 
to grow in size indefinitely, but 
just how large they are able to get 
depends on their local environment. 


6 Supermassive 
black holes 

are around the 
Same mass as the 
Solar System 


Supermassive black holes contain 
the mass of at least 1OO,OOO Suns 
compressed into a space that is 
around the size of our Solar System. 


7 It's the size 
of a black hole 
that matters, 
not its mass 


Just a few micrograms of matter 
would be enough to create a black 
hole if it was compressed into a 
small enough space. 


i si lel @ ale) (acm ieee! 
on stars, revealing 


Black holes cannot be seen directly, 
but the effect they have on their 
surroundings often reveals their 
presence. In the Cygnus constellation, 
a blue supergiant star is being pulled 
into a teardrop shape, causing its light 
to flicker as it spins. The star orbits 
once every 5.6 days, and as it turns, 
the outer layer of gas is stripped away 
from its surface at 1,500 kilometres 
(932 miles) per second as it is 
funnelled towards an invisible point. 


Companion star 
Some stellar black holes are part 
of binary systems, and are closely 
associated with another star. 


, 


Black holes 
spin faster 
than the stars 


mdataiaeeriulea 


The supergiant is part of a binary 
system, and is locked in a fatal dance 
with a black hole, known as Cygnus 
X-1. As the black hole spins, space 
and time spiral up with it, and dust 
and gas from the star accumulate in a 
vast swirling whirlpool known as the 
accretion disc. Particles spiral towards 
the event horizon, like water circling 
a drain, and as they tumble inwards 
the friction releases bright flashes and 
flares of X-ray light. 
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Magnetic field lines 
PNW 8) Yel @ ae) (=o) 8) na 
magnetic fields within 
their accretion discs will 
spiral up and 

down, and creating a 
doughnut-shaped field 
around the disc. 























that made them 


If a star is spinning when it dies, it will continue to spin 
if it becomes a black hole. However, it will not spin at the 
Same speed. Imagine the star is a twirling ice skater, 
holding his arms outstretched. As he spins, he pulls his 

arms inwards, and starts to spin faster. This is down 
to the law of conservation of angular momentum. 

As the matter collapses in towards the centre 

of a dying star, its diameter decreases 
and, like the ice skater, it 
spins faster. 


S Some 
galaxies 
might harbour 
ultramassive 
black holes 


The galaxy OJ 287 has two black 
holes, one of which is thought to 
contain the mass of around 18 
billion Suns. 
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sereeevalmemects about black holes 


Accretion disc 
Spinning black holes trap a wide, 
rotating disc of matter, which 
increases in velocity as it hurtles Svea 
towards the event horizon. The Shielded from view, at the very heart 
trapped dust and gas particles rub of the black hole, matter is crushed to a 
agaihst each other, glowing with single point. Physics as we know it falls 


energetic radiation. apart, and space and time cease to ex 


© Jets | S 
At the poles of a spinning ome 
black hole, the magnetic bla k h | 
field funnels material | Cc oO es 
away from the immense ' ha ° 
gravitational pull, shooting it ve jets 


out into space in bright jets. 





Some black holes spew impressive 
amounts of energy from their poles, 
marking their location like a beacon. 
As dust and gas race towards the 

event horizon of a spinning black hole, 
magnetic field lines direct some of the 
energy outwards, funnelling it into two 
energetic jets, like a particle accelerator. 
NASA's Wide-field Infrared Survey 
Explorer (WISE) has identified a pair 
of black holes orbiting one another, 








which together create gravitational 
and magnetic disturbances so intense 
that their jets are being warped and 
twisted into ribbon-like spirals. 


The centre of a 
black hole could 
contain a singularity 












& =. * 

ir ies = 
The event horizon of a black hole can as a singularity. Every possible path ew = 
measure thousands of kilometres in leads back to the centre, and matter They 
diameter, but once matter crosses becomes so crushed, into such a tiny 
over the edge it does not stop space, that it is unrecognisable. The slowly leak 
moving. Exactly what happens on singularity is infinitely small, and e '° 
the inside is debated, but according infinitely dense, creating an infinite radiation 
to Einstein's theory of general curvature in space-time. Within a 
relativity, the curvature of space-time region of space known as the event Stephen Hawking showed that 
inside a black hole is extreme, and horizon, anything that crosses over black holes could actually radiate 
everything is directed towards a is compelled towards the centre with energy, known as Hawking radiation, 
single point, known mathematically no hope of escape. releasing their scrambled contents 


back into the universe. 
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50 amazing facts about black holes 
ee — 


14 It takes 
millions of years 
to orbit our 


supermassive 
black hole 


Sagittarius A* lies around 26,000 
light years from the Solar System, 
and it takes 225 million years for us 
to complete a single orbit around 
the galactic centre. 


15 They were 
Originally known 
as dark stars 


The idea of black holes has 

been around much longer than 
the science that predicts their 
existence, but in the 18th Century 
they were known as ‘dark stars’. 


16 Cygnus X-1 
was the first 
black hole to be 
identified 


Cygnus X-1 is one of the brightest 
radio sources in the sky, and 
is currently in the process of 
devouring a blue supergiant. 


17 Black holes 
create waves 


Albert Einstein predicted that as 
massive objects, like black holes, 
move through space, they create 
gravitational waves that ripple 
through space-time. 


18 The universe 
is shaped by 
black holes 


Supermassive black holes are found 
at the heart of almost all large 
galaxies, and act as the linchpins 

of the universe, around which stars 
and planets turn. 


19 Stellar black 
holes contain 
the mass of five 
or more Suns 


Black holes formed during the death 
of a star usually contain at least as 
much mass as five Sun-sized stars, 
compressed into an area measuring 
just a few kilometres across. 
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® Space-time 
This two-dimensional representation 

demonstrates how a black hole distorts 
the fabric of space-time. 
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Black holes 
bend space-time 


Albert Einstein showed that the 
universe is made from a fabric, known 
as space-time, and, just like a piece 

of cloth, it can be bent, twisted and 
stretched. Massive objects, including 
planets and stars, make dips in the 
fabric of space-time, like bowling 

balls sitting on top of a trampoline. 


is trying to travel in a straight line, 
however, the curved floor forces them 
to move around in circles. If they pedal 
faster, they might be able to get up 
enough speed to climb out of the top 
of the dome, and if they slow down, 
they will start to drift back in towards 
the centre. 


The more mass that is collected in 
one area, the more of an impression 
it makes in the fabric, and the more 
energy is required to escape its 
gravitational field. 

One object in orbit around another 
can be thought of as being similar to 
a cyclist in a velodrome. The cyclist 
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® Focal point 


walled 
AAG 


Space and time is 

concentrated ona 
single spot at the 

singularity. 
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the fabric of space-time. 
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The singularity is infinitelydense, ~~ 


~ and creates an infinite curve in 
- 2! 
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~ Black holes 
are spherical 


Black holes are often depicted as being funnel-shaped, 
but these two-dimensional diagrams are simply used to 
explain the idea that massive objects cause space-time to 
bend. In reality, space has at least three dimensions, and the 
impression that a black hole makes in space-time is much 
more complicated. 

The black hole itself, like most massive objects, is actually 
spherical. Gravity acts equally in all directions, and the 
event horizon represents the point beyond which 
gravity becomes so intense that it is inescapable. 

It is the same distance from the centre of the 
black hole, no matter which direction 
you approach from. 


Interview | 


 . We spoke 

Be) to head of 
| the Nuker 

Team, Prof 

Douglas Richstone, 

about the origin of 

Supermassive 

black holes 


22 Almost 
every 
good-sized 
galaxy hasa 
supermassive 
black hole 


“For every galaxy that is 
reasonably good sized and 
regular (that is, a galaxy with a 
disc and a bulge, and possibly 
Spiral arms, or a so-called 
elliptical galaxy that looks round) 
there is a black hole. Moreover, 
the black hole’s mass tracks the 
mass of the host galaxy (and 

is about 1/1,000 of the galaxy’s 
mass). These black holes range 
from 1 million to nearly 10 billion 
solar masses. 

“However, for galaxies that 
are very small, or irregular, or 
possibly only have a disc and 
no round component (bulge), 
the situation is much more 
complicated. Some of these 
galaxies appear to have black 
holes and others don't.” 


23 Quiet 
supermassive 
black holes used 
to be quasars 


“We don't know for certain how the 
big black holes noted above form, 
but there is a clue. The amount of 
mass in galaxies at present tied 

up in black holes is almost exactly 
the amount of mass needed to 
power quasars (very bright objects 
thought to be black holes accreting 
matter) when the universe was 
about a fifth of its present age. So it 
is reasonable to identify the black 
holes in galaxies now as the relics 
of quasars." 


































24 It's impossible 
to see them 
directly 


Black holes do not emit or reflect 
electromagnetic radiation (except 
Hawking radiation), but their 
gravitational effects are detectable. 


25 Some black 
holes spin at 
half the speed 
of light 


By looking at the pattern of X-rays 
in the area surrounding a black 
hole, the speed at which it is 
spinning can be determined. 


26 There are 
two types of 
black hole 


Schwarzschild black holes are 

the simplest, and are made up of 
just an event horizon and a 
singularity. Kerr black holes rotate, 
and have a third component 
known as the ergosphere. 


27 Black holes 
are noisy 


In 2003, NASA's Chandra X-ray 
observatory revealed that a black 
hole in the Perseus cluster makes 
a sound in the pitch of B flat. 


28 We'll never 
know what is 


really inside a 
black hole 


Light cannot escape across the 
event horizon of a black hole, 
preventing us from seeing in; 
there is no definitive answer 
about what really happens 
inside a black hole. 


29 One day, 
black holes will 
dominate the 
universe 


Black holes evaporate so slowly 
that they will exist long after 

the last of the stars fade and die, 
leading scientists to predict that 
one day they will be all that is left 
in the universe. 
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a black 


- ’ Se + 
As an object gets closer to a black quickly than the back, the elastic limit 6f the material 

hole, the gravitational pull rises drawing it out into.a long filament in it starts to break apart, continuing 

sharply. The parts of the object a process known as spaghettification. to tear into smaller and smaller 

that are closest to the black hole The tidal forces around a black pieces, each being stretched out like 
experience stronger attraction than hole are strong enough.that anything spaghetti, until all that is left are the 

those farther away, causing them entering becomes stretched, from the elementary particles. 

to accelerate faster. This stretches largest stars, to the smallest atoms. Spaghettification takes place at 

the object as the front moves more When the stretching force exceeds different times depending on the 







When two blackholes — : 
collide, they form one even — 
more massive black hole 


It is thought likely that the 
supermassive black holes at the 
centres of galaxies began to form 
early in the evolution of the universe. 
As matter condensed to form the 

first galaxies, it would have been 
much closer together, and small black 
holes would have been able to feast 
on dust, and gas, becoming truly 
massive in a very short space of time. 
Several ‘intermediate black holes’ 

are thought to have formed within 
clusters of stars, before sinking 
towards the centres of galaxies 

under the influence of each other's 
gravitational pull, collapsing in on 
one another to form the supermassive 
giants that we see today. 
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5. Entering the disc 

As the dismantled star grows 
nearer to the event hdérizon, 
it starts to merge with the” * 
accretion disc. 





Be 
size and type of black hole. For small, 
stellar black holes, for example, it 
occurs before objects havecrossed 
the event horizon. However, in 
supermassive black holes, the tidal 
forces do not always become great 
enough until the object has crossed 
over the point of no return. 


* the initial collision, the last remnants 


spikes of X-ray emissions. 


anes ss ’ In a feeding frenzy, the black 


6. Immense friction 
The particles in the disc rub against one, 
another, releasing energy, and leaving 
a blazing trail as the broken star circles * 
~ © ‘towards the event horizon. 





7. X-ray emissions 
In the minutes and hours following 


of the swallowed star continue to 
drop over the event horizon, releasing 


9. Polar jets 


hole spits the excess back out 
into space, funnelling it away 
from the poles in two bright jets. 


- 
* «+ 












8. Gamma-ray burst 

_ As the neutron star crashes 
Taleo tal=me)F-\ea@ule)(-Munnte\-| me) i 
* . itis swallowed in an instant, 
» ~ releasing a huge burst of 
energetic gamma rays. 


33 Even dwarf 
galaxies can harbour 


32 The supermassive black holes 


larger 

the black 
hole, the 
less dense 
en, © 

it 1s 

As if the mass inside a black 
hole doubles, the volume of its 
event horizon increases eight 


times, making it more massive, 
but less dense. 


The sponge is bigger 
and more massive. but 
less dense than 
the marble 
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University 

of Utah, 
recently discovered a 
supermassive black 
hole at the centre of a 
dwarf galaxy 


What makes the supermassive black 
hole in the dwarf galaxy M60-UCD1 
such an interesting find? 

“We think most big galaxies have 
supermassive black holes, but M60- 
UCDI1 is much smaller and less 
massive than any other galaxy with a 
supermassive black hole. Supermassive 


black holes play an important role in 
how galaxies form, and this provides a 
new environment for us to find these 
objects. Currently we don't understand 
how supermassive black holes form 
because their formation happened so 
early in the universe.” 


How did such a big black hole form 
in such a small galaxy? 

“M60-UCDI got its name because it 

is just 22,000 light years from the 
giant elliptical galaxy M60 (this is 
closer than we are to the centre of our 
galaxy). We think that M60-UCD1 is 
in orbit around M60 and was once a 
much larger galaxy. When it passed 
close to the centre of M60, this bigger 
galaxy had its outer parts stripped 
away leaving just the dense core of 
stars and the black hole behind.” 
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theoretically possible for. matter to travel 
* faster than the spegd of dight, escaping. + 
s pe void as Hawking radiation. 





Apparent Henzbh 7 
+ “Prof Stephen Hawking theorises 

that instead offaving an-event 
“horizon, black holés create such 

a: | disturbance’i in space-time that 

= they can hold light temporenily.# oA 
~ around their edges. THe | 











holes 
were first 
imagined 
in the 18th 
Century 


Scientists John Michell and Pierre- i - 

Simon LaPlace were the first to wonder . se ; 

about the existence of black holes, ] i | @) e x ist 
imagining that beyond a certain point, aS 


the gravity of a massive object must 

become so great that nothing can get In 2014, Stephen Hawking put According to Einstein, the point ‘Of quantum theory, but Hawking 
away. The trouble was, according to forward a controversial theory about at which matter crosses over into a “proposes a new answer: that the event 
Isaac Newton's theory of gravitation, black holes; that they do not exist at black hole and gets:destroyed as it's horizon does not actually exist at all. 
light wouldn't be affected by gravity, all, at least not in the way we imagine spaghettified and pulled towards the He suggests that black holes are not 
because it has no mass. So, no matter them. The science of black holes is singularity. However, according to bottomless pits from which nothing 
how massive an object became, light based.on Einstein's theory of general * quantum theory, the event horizon can return, and that instead, they 
should be able to escape. It wasn't until rélativity, but there-are grey areas that would actually be a ‘firewall’ of high- pLUESI as Cajenhole) etal kya ele) (cur-balemcvenr-benle) (= 
Einstein's theory of general relativity don’t quite make sense. One of the ehergy particles. The physics behind matter, before releasing it back into 
that the physics of black holes really major problems is the event horizon. Einstein's theogy contradicts that _ the universe as radiation. 






























started to make sense. 


Black 
holes 
regulate ve | ms 
their ia *- a . 
own size _ —_ = 


Feeding generates intense radiation, 
which pushes outwards, clearing an 
enormous hole near the black hole, _||/fj 
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50 amazing facts about black holes 


ee Even a rocket travelling at 
ae the speed of light could not | 
eee escape from a black hole | om 2 








! i ie: As objects become more massive and Star, like Sirius B, the same rocket would 

*___*-more dense, it becomes increasingly need to travel at 5,200 kilometres (3,231 

_-.>.~ hard to escape their gravitational pull. miles) per second in order to escape. : 

ad ~ For a rocket to escape the gravity of the | Within the grip of a black hole, even r 

“~~. Earth, it must travel at a speed of 11.2 a rocket travelling at the breakneck 

boats h - kilometres (seven miles) per second, speed of light, 299,792 kilometres 

_* - from the surface of the Sun, that speed (186,282 miles) per second, would be . 

rises to 618 kilometres (1,005 miles) per unable to free itself from the immense 
second, and froma dense white dwarf gravitational pull. 








> —— _ Escape . ® Sun 





: | velocity | 618km/s 


Event horizon ® 





. | <<. Greater than 
. : | 299,792km/s 
(speed of light) 
* = 
d | bs Earth @ 
"4 . 1 11.2km/s 
* 
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38 Some can be xe jae 
e s 

very tiny : 

The smallest theoretical mass , 

for a black hole is around 22 , 


micrograms, a value known as the 
Planck mass. 


39 The closest 
black hole is 
6,070 light 
years away 
from Earth 


The closest black hole to Earth is 
Cygnus X-1, and is located on the 
Orion Spur of the Milky Way and 
has the mass of about 15 Suns. 


40 “Black holes dale centre of 


have no hair” 









This famous statement made 
by scientist John Wheeler eC 1 4 d 
describes the simplicity of black 


holes. Typically, they can be 


described by just three quantities: At the centre of the Milky Way, the stars move in strange circles. They hurtle 
their mass, angular momentum towards a bright radio source, turn in a tight hairpin, and then race away 
and electric charge. again. Tracing the lines of their orbits reveals that they all overlap at a single 


point, known as Sagittarius A*. 
4ji They halt 4 Wavem catea (evn cml ercolucel<VeBinee Md el(elq@el olllemoyMeltlimevalemeeicMeantlelelcmimeltantanlte 
I oc al Ss ta " to see, but in order to account for these highly elliptical orbits, astronomers 
have calculated that Sagittarius A* must contain around 4 million solar 
formation masses, compressed into a volume with a radius of about 25 million 
The largest and most active 
supermassive black holes often 
occur in the quietest galaxies. 
The radiation released as they 


feed stops the gas around them 
condensing to form stars. 


42 The Sun 
could never 


become a 
black hole 


To become a black hole, a star 
must be so massive that it 
completely collapses under its 
own gravitational pull. The Sun 
is much too small, and instead, it 
will end its life as a white dwarf. 


43 Black 
holes come in 
different sizes 






Stellar-mass black holes can 
measure just a few kilometres in 
diameter, whereas supermassive 
black holes can be the size of our 
Solar System. 





kilometres (15.5 million miles). In other words, it is a supermassive black hole. 


‘ 1A 
* . 
, 
| 
a | 
tg 
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45 Some 
black holes 
ower the 
rightest 
objects in 
the universe 


In the Sixties, US astronomer Allan 
Sandage noticed a very bright object 
in the distant sky. From Earth, it 

was as bright as a nearby star, but its 
vast distance meant that it must be 
emitting hundreds of times as much 
energy as all of the stars in the Milky 
Way combined. Dubbed quasars, 
these objects are among the brightest 
in the universe, and represent actively 
feeding supermassive black holes. 
Thousands have been identified, and 
each blazes brightly as matter tumbles 
on to its accretion disc, spewing 
X-rays and visible light into space, and 
producing energetic jets from its poles. 
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Infrared eyes 


It's impossible to see supermassive 
black holes directly, but that doesn't 
mean we can't see objects near to 
_ them being sucked in: like the dust 
and gas that surrounds them, for 
example. Sagittarius A* gobbles this 
stuff up, sucking it in at incredible 
| speed and creating friction that 
| causes the particles to glow brightly 
in various wavelengths, including 
happen around . infrared. The Spitzer space 
supermassive black », telescope is able to peer through 
hole Sagittarius A* | ae | yo the dust cloud right onto the 
black hole, to pick out its 
precise location in infrared. 









Strange things / 





46 Particle 
accelerators 
could create 
micro black 
holes 


When the Large Hadron Collider at 
CERN was switched on in 2008, there 
were concerns among scientists that 
the particles, travelling at close to 

the speed of light, could theoretically 
produce miniature black holes. So far, 
no such holes have been created, but it 


ia ny ty = - 7 = , ie a | y is definitely possible in theory. 
‘ —— | 













Even if a micro black hole was 


“te, , 7 & . =e = tesa re ¥f 1% f created, there would be little to worry 
| = _ Fa Dt) As : about. The black hole would be so 
6, ft me: a7 r . - * a , aq 2 ¥ ' . “WW: 
air & i=l i ' _* small that it would take billions of 
— - : { 1 | b ry 4t - rx : 





years for it to consume just one gram 
of matter, and if Stephen Hawking 

is correct, and black holes do leak 
radiation, the tiny black hole would 
decay long before this ever happened. 
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48 W49B is 
the youngest 
known black 
hole in the 
Milky Way 


An asymmetrical supernova 
remnant is all that remains of 

a star that exploded just 1,000 
years ago. There is no evidence of 
a neutron star at its core, leading 
astronomers to believe that it 
harbours a young black hole. 








Space around a eee 


spinning black formation 


accretion disc of a black hole, the 


@ P 
A magnetic fields line up, forming 
’ AvAVE ton a donut-shaped ring with the 
% a event horizon nestled in the hole 


tah 


Spinning black holes distort space-time, wrapping it into ce at the centre. 


a Swirl known as the ergosphere. Within this area, space =e 


itself moves faster than the speed of light. 





50 Smaller 
galaxies 
contain 
medium- 
sized black 
holes 


It was originally thought that black 
holes only came in two sizes, stellar- 
mass black holes and supermassive 
black holes, however, researchers using 
data from NASA's Chandra X-Ray 
Observatory and Rossi X-Ray Timing 
Explorer (RXTE) telescopes were able 
to measure a medium-sized black hole 
in Messier 82 to be around 400 solar 
masses. Known as intermediate-mass 
‘NASA's Chandra Hiesace black holes, these seeds of the most 

discovered huge black destructive objects in the universe 

holes in small galaxies contain between 100 and 10,000 
times the mass of the Sun. 


© NASA; ESO; Adrian Chestermann; Science Photo Library; ESA; JPL-Caltech; CXC; STScI; Alamy 
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Planet Earth Education 


| Why study Astronomy? 
How does Astronomy affect our everyday life? 


Planet Earth 





e The Sun provides our energy to live and is used for timekeeping. 

e The Moon causes eclipses whilst its phasing determines the date for Easter Sunday 

e Constellations can be used for navigation. 

e Astronomy is one of the oldest sciences. 

_ Planet Earth Education is one of the UK’s most popular and longest serving providers of distance 

_ learning Astronomy courses. We pride ourselves on being accessible and flexible, offering attractively 

priced courses of the highest standards. Students may choose from five separate Astronomy courses, 
suitable for complete beginner through to GCSE and first-year university standard. 


Planet Earth Education’s courses may be started at any time of the year with students able to work at 
their own pace without deadlines. Each submitted assignment receives personal feedback from their tutor 
and as there are no classes to attend, students may study from the comfort of their own home. 


Of paramount importance to us is the one-to-one contact students have with their tutor, who is readily 
available even outside of office hours. Our popularity has grown over several years with home educators 
using our courses for the education of their own children, many of whom have obtained recognised 
science qualifications at GCSE Astronomy level. With each successfully completed Planet Earth 
Education course, students receive a certificate. 


Visit our website for a complete syllabus of each available course, along with all the necessary 
enrolment information. 





@ 0161 653 9092 www.planeteartheducation.co.uk 


Future Tech Sun-skimming spacecraft 





Sun-skimm 


Spacecrait 


Things are heating up at NASA as Solar Probe Plus 
prepares to. take a plunge into the Sun 


The Sun has always held a great fascination for 
humankind due to its incredible life-giving, yet 
destructive heat, and we might soon know much 
more about it thanks to NASA's Solar Probe Plus. 
This intrepid spacecraft follows in the footsteps of 
Helios 1 and Helios 2, which launched in 1974 and 
1976 respectively and continued returning data 
about the Sun until the 1980s. This pair of solar 
probes are still in heliocentric orbit, travelling at 
record-breaking velocities of 252,792 kilometres 
(157,078 miles) per hour. 

NASA's Solar Probe Plus is due to set off from 
Earth on 30 July 2018, getting closer to the Sun 
than any man-made object ever has before. Back 
in March, the probe underwent advanced design 
and testing, meaning that building work was finally 
given the green light. This exciting development 
brought the project - which, was originally 
announced back in in 2008 - a step closer to its 
ultimate goal of getting to within 8.5 solar radii (6 
million kilometres/3.7 million miles) of the Sun. 

It will do this by swinging around the Sun then 
using Venus as a flyby anchor, flinging it back 
towards the Sun at speeds of up to 200 kilometres 
(125 miles) per second. It will perform the Venus 
flyby seven times and orbit the Sun 24 times in 
total. The last three orbits will be the probe's closest, 
beating the previous record. by seven times. 

The mission is being.orchestrated by the Johns 
Hopkins University Applied Physics Laboratory, 
which was responsible for the MESSENGER craft 
orbiting Mercury. The lab is using some of the 
technology from that mission to protect the probe in 
its most vulnerable stage. ~ 

It will be protected from the intense heat of the 
Sun by using a heat-resistant carbon-composite 
shield. It must be capable of dealing with 
temperatures of 1,371 degrees Celsius (2,500 degrees 
Fahrenheit) heat as well as the radiation that will be 
blasting out from the star’s surface. 

The first of Solar Probe Plus’ two key objectives 
is to study the outer atmosphere of the Sun, known 
as the corona, and find out how it is heated. The 
fact that the corona is so much hotter than the 
Sun's visible surface is something that has mystified 
Scientists for years, so an in-situ investigation should 
help to provide some much needed answers. 


58 


The probe will also aim to learn more about solar 
winds and why they get accelerated. Both of these 
investigations will help scientists plan missions in 
the future in order to make the lives of astronauts 
much safer. ) 

As well as these two crucial tasks, the Solar Probe 
Plus will be looking into what effect dusty plasma 
and the Sun's magnetic fields have on solar winds. 
These will also help them plan future missions by 
making it easier to predict what course solar winds 
are due to take. 

All of this is groundbreaking science and 
technology, from the shields that stop the probe 
burning up as it gets close to our Sun, to the results 
that the probe will eventually return. This mission is 
now just four years away from its scheduled launch 
and should help to answer many questions about 
the vital heart of our Solar System. @ 


Solar slingshot 
Solar Probe Plus will make 
24 trips around the Sun 
over six years, helped on its 
way by seven flybys around 
Venus, which will slingshot 
it back towards the Sun. 


ef 











) Keeping cool 
A cooling system will 
keep the on-board 
instruments at operating 
temperature, even when 
the probe is performing 
its closest solar flybys. 







») Scanning 
On-board instruments will 
discover why the corona is 
hotter than the surface of 
the Sun and what affects 
the solar winds. 
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Heat shield 

The probe will be 
protected by a heat- 
resistant shield, made of a 
carbon-composite material 
and packed with carbon 
foam to cope with the 
13719C (2500°F) heat. 


Radiation protection 
As well as the heat, the 
probe will need to protect 
itself from solar radiation 
and flares as it nears its 
target. This will be another 
task for the carbon shield. 


Power 

Unsurprisingly, the probe 
will be solar powered on 
its trips around the Sun, 
using two panels that 
stick out from its side, but 
tuck in when the probe 
approaches the Sun. 


i efoKa (oc -B ie) meelinieynt 
It will eventually get to 
within 8.5 radii of the 

Sun, which is 8.5 times 

the radius of the star and 
approximately 6 million 
kilometres, so it can perform 
in-situ experiments. 





Orbital spirographs 


Orbital 
spirographs 


As Earth moves in orbit, the planets will trace loops 


and spirals across the sky 


If you were to look at the Solar System from the 
outside, you would see the planets turning around 
the Sun in almost circular orbits, but from our 
moving vantage point on the surface of the Earth 
things appear very different. 

Each day, the Sun rises in the east and sets in the 
west due to the rotation of the Earth, but it does not 
always start and end in the same place. The stars are 
so far away that their movement through space is 
barely visible and they appear as fixed points in the 
sky, but as the Earth travels around in its orbit we 
view the Sun from slightly different angles. Every 
day, the Sun appears to move around one degree to 
the east of its position the day before and over the 
course of a year it travels in a circuit across the sky 
known as the ecliptic. 

It is not just the Sun that appears to move across 
this track. The ancients noticed that a few bright 
objects also meandered across the ecliptic, moving 
from west to east in a band of constellations known 
as the zodiac. The Greeks called them ‘asteres 
planetai’ or ‘wandering stars’, leading to the modern 
word ‘planets’. 

By tracing a line between Earth and each planet as 
time passes, interesting patterns start to emerge. For 
the most part the planets progress from west to east, 


but every now and again something strange happens; 


they turn back on themselves, changing direction 
and doing a loop in the sky. 

These strange patterns puzzled astronomers for 
centuries. They believed that the Earth was at the 
centre of the universe and expected the planets to 
move in perfect circles around it. 

To account for the loops, Claudius Ptolemy, an 
astronomer living in the city of Alexandria in the 
Roman province of Egypt between around 90AD to 
168AD, created a model consisting of many different 
orbital rings. Like the popular spirograph toy, 
invented by Denys Fisher in 1965, Ptolemy imagined 
that each planet would circle the Earth on a large 


"As they loop around and overtake Earth, 


orbit, while simultaneously moving around on a 
smaller orbit (known as an epicycle), tracing spiral 
patterns across the sky. 

This complex idea, although wrong, was an 
incredibly accurate model of the motions of the Solar 
System, and it wasn’t until the work of Copernicus 
and Kepler in the 16th and 17th Centuries that it was 
finally shown that the planets revolved around the 
Sun and moved in elliptical, not circular, orbits. 

Like the path of the Sun across the ecliptic, the 
spirograph patterns are actually the result of our 
moving reference frame. All of the planets in the 
Solar System were formed out of the same spinning 
disc of dust and gas, and, as a result of this, they all 
move anticlockwise (when viewed as if above the 
north pole of the Sun) and in orbits that are almost 
in the same plane, a bit like racing cars on a nearly 
circular track. 

The inner planets, Mercury and Venus, complete 
their orbits much faster than the Earth. When they 
are behind the Sun they appear to move eastwards 
in the sky, but as they loop around and overtake the 
Earth on the inside their direction appears to change. 

A similar phenomenon accounts for the retrograde 
motion of the planets farther away. As Earth and 
Mars swing round the Sun, we are able to overtake 
on the inside of the Red Planet's orbit. The planet 
appears to stop, before moving backwards in the sky. 
As it rounds the bend, it catches up and continues 
along its west to east path. 

These spirals form repeating patterns across the 
celestial sphere. As the planets continue around in 
their orbits, they eventually return to their starting 





positions, tracing predictable loops across the ecliptic. 


Even through the Ptolemaic model has been 
disproved, traditional planetarium projectors are 
still built using cogs and wheels that mimic the 
Ptolemaic system, with the planet projector moving 
around in a large circle and gears spinning to imitate 
the epicycle. @ 


their direction appears to change” 
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Orbital duration: 88 days 
Average distance 
from the Sun: 58 million km 


Mercury has a highly elliptical orbit so the farther 
from the Sun it is, the slower it travels. It appears 
to move back and forth in the sky as it speeds up 
and slows down several times each year. Over seven 
years this creates a symmetrical pattern of 22 loops. 


Orbital duration: 10,747 days 


Average distance 
from the Sun: 1.43 billion km 


Saturn rotates at a different angle to its orbit around 
the Sun; half the time the south pole points towards 
the centre of the Solar System and the other half, the 
north pole. As Saturn moves it tilts with respect to 
Earth, and its rings disappear. 











Orbital duration: 224.7 days 
Average distance 
from the Sun: 108 million km 


Every eight years, Venus makes 13 revolutions around 
the Sun. During that time, it passes Earth on five 
occasions, each time appearing to loop back on itself, 
and tracing a five-pointed shape resembling the 
petals of a flower. 


Orbital duration: 687 days 
Average distance 
from the Sun: 228 million km 


Mars makes its closest approach to Earth's orbit 
around every 780 days, appearing to move 
backwards in the sky for 72 days before changing 
direction again to create a single loop. Every 15 years, 
a pattern of seven different loops is formed. 








CV lad 
asteroid 
patterns 


This image from NASA, created in 2013, traces 
the orbits of over 1,400 potentially hazardous 
asteroids (PHAs) larger than 140 metres (460 
feet) in diameter, and with trajectories that 
pass within 4.7 million kilometres (7.5 million 
miles) of the Earth's orbit. These objects are 
large enough to cause enormous regional 
damage if they collide with our planet. 

As asteroids come close to large objects 
in the Solar System, like planets or moons, 
their trajectory can be altered, bending 
their path and deflecting them towards, or 
away from, the orbit of the Earth. Notice 
that the majority of the orbits lie within the 
ring traced around the Sun by Jupiter; this 
enormous planet acts as a slingshot, tugging 
objects out of the asteroid belt and flinging 
them inwards towards the Sun. 

Despite the alarming number of objects in 
this image, scientists are confident that none 
pose a threat within the next 100 years. 


www.spaceanswers.com 


OjdoivelRsjeyiceycarclo)ats 





Jupiter 






Orbital duration: 4,331 days 
Average distance 
from the Sun: 779 million km 


Jupiter is travelling at under half the speed of Earth, 
at around 47,000km/h (29,000mph), and has much 
farther to go to complete a single orbit. Every 13 
months, Earth races past and the gas giant appears to 
stop in the sky before changing direction. 
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Robert Wilson 
PNaWNaa\=ia(er]anr-\el(@) 
astronomer, Robert 

, (Wilson graduated from 
Rice University in Houston 
before completing his 
graduate work with the 
California Institute of 
Technology. Wilson and 
fellow astronomer Arno 
Penzias jointly won the 
Nobel Prize in Physics for 
their discovery of the cosmic 
microwave background 
(GV) FelatoRaatavaclison rela) 
the Henry Draper medal 

of the National Academy 
of Sciences in 1977. Wilson 
worked at Bell Laboratories 
until 1994, when he was 
named a senior scientist at 
the Harvard-Smithsonian 
Center for Astrophysics in 
Cambridge, Massachussetts, 
where he is based today. 
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Robert Wilson 


Proving tne 


ay Die bane 


When radiation left over from the Big Bang was 
discovered by Robert Wilson and Arno Penzias, it 
caused a revolution in cosmology. We caught up 
with Wilson, who told us his story 


Interviewed by Gemma Lavender 


What exactly were the origins of radio astronomy 
at Bell Labs? 

I like to start the story in 1928. That was the year 
that Bell Laboratories hired people of interest to us, 
Art Crawford and Karl Jansky. Karl was tasked with 
understanding the sources of noise on a proposed 
transatlantic short-wave radio-telephone circuit. 

He built a large, rotating, directional antenna and a 
sensitive radio receiver and recorded his output for a 
long time. In addition to thunderstorms and 
man-made noise, just like old AM radios used to 
produce, he found a hiss of noise that repeated every 
day. In 1933, after several years of observation, he 
identified the source of this noise as the centre of our 
galaxy. [It's] this event [that] started the science of 
radio astronomy. 

Moving ahead, in 1958 NASA launched the 100- 
foot [30-metre] diameter Echo balloon made of 
aluminised mylar, so think of an aluminised party 
balloon 100-foot [30 metres] in diameter on the very 
edge of space. It had to be very light so that if there 
was any atmosphere up at the elevation [that it was 
at], it would affect the balloon very quickly. Bell Labs 
proposed using Echo as the first communications 
satellite. It would not have been a very useful 
satellite - you couldn't have much bandwidth and 
the signal coming back would be very weak - but it 
would allow them to prove the concept. Since the 
returning signal would be weak, they used two Bell 


Laboratories inventions. One was a liquid-helium- 
cooled pre-amplifier that was the lowest-noise 
receiver available, and the other was a large 20-foot 
[six-metre] horn-reflector antenna that Art Crawford 
Was project manager on, which had the advantage of 
not picking up noise from around it, especially from 
Earth Echo was launched and used to relay President 
Eisenhower's voice. Later, Telstar was the first actual 
communications satellite, the one they had really 
wanted to do. It was launched in 1962 and the 

horn reflector was reconfigured to 4GHz to receive 
Telstar’s signals. 


How did the communications technologies that 
Bell Labs were working on come to be used for 
radio astronomy? 

After finishing my PhD in radio astronomy at Caltech, 
I took a job at Bell Labs where the horn antenna was 
located. Arno Penzias had been hired the year before. 
Why did Bell Labs hire two radio astronomers when 
their business is communications? I think they saw 
three reasons. One is that radio astronomers know 
about looking through the atmosphere, making 
measurements, using large antennas, SO we were 
useful for communication satellites, which was the 
business they normally tended to get into. Another 
reason is that they were very proud of the horn 
antenna and they wanted to see it used for more 
than just one satellite experiment, so they thought 
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Further study of 
the CMB is being 
conducted by 
the South Pole 
Telescope team 


Robert Wilson, 
speaking at 
Starmus 2014 
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was an early 
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"The New York Times called up... the 
next day we were on the front page." 


that by hiring a couple of radio astronomers that 
more use would be made of it. I think the third 
reason is that Karl Jansky's discovery had not been 
followed up properly at Bell Labs and there was still 
the institutional memory that it should have been. 
The attraction for me was the research atmosphere, 
the generous support that was available and the 
opportunity to use the horn reflector and the very 
low-noise amplifiers. We knew there were special 
things that could be done with the horn reflector. It 
Was mounted so that it could see anywhere in the 
sky and the receiver was in the ‘horn’ canopy so that 
it was very well-shielded. 

Arno and I got together and made some plans about 
What we wanted to do. The first thing was to make 
accurate Measurements of the brightest radio sources 
in the northern sky. This had a dual purpose. Radio 
astronomers normally didn't know the sensitivity of 
their instrument, so they would measure a standard 
source and then look at a source they are interested 
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in and take the ratio. So if we contribute to an 
accurate measurement of what one of those standard 
sources is, it would be useful to astronomers. 


Yet it turned out there was some unexplained 
noise in those measurements? 

The measurements were a disappointment and had 
more noise coming out of the antenna than it should 
have, an excess three and a half degrees that always 
showed up: any time we were looking at somewhere 
other than our source it went down to that level 
and not any lower. We considered everything that 
we could think of - this thing was ruining our 
chances to do science! Radio astronomers thought 
the atmosphere was contributing twice as much we 
thought it was, but we had a sensitive instrument 
that was ideal for measuring the atmosphere, so we 
were quite confident in our measurement there. We 
turned our antenna and scanned around New York 
City and New Jersey and there was nothing there. 


There were a couple of pigeons and they did what 
pigeons always do, just like on the statues in the 

city, so there was a lot of ‘white dielectric material! 
inside our antenna. We thought it might be radiating 
inside, so one day we got up there and scrubbed 
everything out and caught the pigeons and put them 
in a box and sent them as far away as we could in 
the mail, addressing them to a known pigeon fancier. 
He got the box and opened it and said, “These are 
junk pigeons,” let them go and a few days later, the 
pigeons were back! So in the interests of science, 

our technician brought in a shotgun and that was it 
for the pigeons. Needless to say it didn't have much 
affect on the measurements. 





When did the breakthrough come? 

One day in 1965 Arno made a call to Bernie Burke, an 
older and somewhat more distinguished astronomer. 
Neither one of them remembers what the initial 
subject of the conversation was, but at the end of 

the conversation Bernie asked, “How is your crazy 
experiment going,” and Arno explained that we 
couldn't find any excuse for the extra noise that we 
had and that we couldn't make it go away. As long as 
we couldn't understand that, we certainly couldn't 
look for any of the weaker sources around the Galaxy. 
So Bernie said, “Call up Bob Dicke at Princeton”. The 
background to this is that Dicke was interested in the 
theory of gravity, which led him to think about the 
Big Bang. He realised that in the Big Bang it would be 
very, very hot and therefore full of radiation. As the 
universe expands the radiation would cool and by 
now would probably be microwaves. 

He had two postdoctorate students. One of them, 
Jim Peebles, he put to work making calculations 
about what would happen in the Big Bang and 
What happened to the radiation. The second, David 
Wilkinson, he got to build a receiving system for 
making measurements. Jim finished first, as it is a lot 
easier to write a paper and do a few calculations than 
it is to build something and make it work and Jim 
had a request from Johns Hopkins University to give 
a colloquium on the subject. So Jim went off to talk 
about the early universe and the Big Bang and the 
temperature that might be left. An astronomer called 
Ken Turner heard it, and he told Bernie Burke. And it 
happened that a day or so later, Arno called Bernie. 

The story told by David Wilkinson was that 
they were having a staff lunch in Dicke's office. 

The phone rang, and Dicke picked up the phone, 
and they heard things like ‘antenna temperature’, 
‘atmospheric radiation’, ‘background radiation’ and 
‘sky temperature’ and their ears really picked up 
because these were the things they were interested 
in measuring. Dicke put the phone down and said, 
“Boys, we've been scooped!” We invited them over 
and they came and looked at what we had. After 
we had shown them our equipment we were down 
in the conference room and they told us about the 
Big Bang and the leftover radiation. Arno and I were 
very happy to have any kind of explanation at that 
point, but I think we were both sceptical about the 
cosmology. Cosmology was not really explained 
much in those days. We wanted to leave things open, 
so the two groups wrote two separate papers: we 
wrote about our experiment and how it might be 
valid even if the cosmology wasn't, and they wrote 
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about the cosmology and how it might be valid even 
if our experiment wasn't. 


How did the news of the discovery break? 

Walter Sullivan of The New York Times called up 
and wanted to ask questions about what we had 
done as he had heard about our papers. The next day 
we were on the front page. I think Walter Sullivan 

is the first person who made me think that maybe 
this cosmology stuff was real, and that I better learn 
something about it! By the end of the year David 
Wilkinson and Peter Roll had made an independent 
measurement and confirmed what we had seen. 

It turned out the theory was not new. Back in the 
Forties, George Gamow and his associates Ralph 
Alpher and Robert Herman had been trying to work 
out the Big Bang and how all of creation came about 
in it. In 1949, Alpher and Herman wrote a paper 
suggesting that the temperature of the universe 
ought to be five degrees Kelvin (about -268 degrees 
Celsius [-450 degrees Fahrenheit]), which is pretty 
good, considering the crummy numbers they had to 
work with. Alpher and Herman had inquired about 
the possibility of making an experiment and were 
told it would be impossible. So science doesn't always 
go along in a straightforward way. 


How has cosmology developed since then? 
The Big Bang was accepted. Often when there is a 


big paradigm shift, you have to wait for a generation 
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of scientists to die off, but I think people were ready 
for a change. But as the Big Bang was fleshed out, 
there were a couple of nagging problems. One is the 
density or flatness problem. If you start off with just 
the right density so that space is flat, it will continue 
at that density as everything expands. If you change 
it by even the tiniest amount, if you add just one part 
in 1024 the expansion will go on for a short time and 
then collapse. If you take away one part in 1024 the 
expansion will go so fast that stars won't form and 
we would never be here. 

The other problem is the uniformity. If we look 
in different directions we see essentially the same 
thing. And yet, in the standard Big Bang, the regions 
where the radiation came from had never been in 
direct contact. So how do we solve this? In 1980 Alan 
Guth proposed his cosmic inflation theory. Inflation 
takes a tiny little space and grows exponentially in 
a very short time so that the density will be just 
right. Inflation also invokes quantum fluctuations to 
seed the structure of our universe. The idea is that 
inflation starts the whole thing going, the universe 
expands for 380,000 years and that's where the 
microwave background originated. Expansion 
continues to occur and after a while there are stars 
and finally, 13.8 billion years later, here we are, trying 
to understand our universe. 

So, it kind of looks like we understand what is 
happening. On the other hand, in this picture, 94 
per cent of the matter and energy in the universe is 







Robert Wilson 


ESA's Planck 
spacecraft has 
been studying the 
CMB closely 


something we don't understand. There is dark matter 
and there is dark energy. I don't think we can really 
claim that we understand things until we know what 
is going on there. 


Is there any proof that inflation happened? 
Inflation predicted that the microwave background 
would be polarised. One of the modes of polarisation, 
B-mode polarisation, has a very distinct pattern on 
the sky. One group, the BICEP2 group [BICEP stands 
for Background Imaging of Cosmic Extragalactic 
Polarisation - an experiment based at the South Pole] 
has made such a measurement that they announced 
earlier in 2014. I believe that their measurement is 
correct in the sense that they have measured B-mode 
polarisation in a certain part of the sky and toa 
certain level. The real question is: is there something 
between here and there - most likely the dust in our 
galaxy - that is brighter than they thought it was, 
that's interfering and producing this effect? I think 
within a couple of years the question of whether this 
measurement is correct should be answered, and | 
think we are all looking forward to it because not 
only might it settle the question of inflation, but it 
also has a strong impact on physics. 

Looking back, it is very satisfying to see that 
we did our job right. When you go outside, some of 
these same photons that we measured will be 
hitting you. Unfortunately your body is not a very 
good microwave detector! @ 
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‘5 AMAZING FACTS ABOUT 


SUPeMOve 


‘Approximately one 
supemova occurs 
every second a 


Supernovas happen more often than you might * 
think: one occurs somewhere in the universe every 

second. However, the Milky Way only has an average 

of two supernovas per century and trying to spot - 
one as it happens is still very tricky. The last one 

directly observed in our galaxy was over 400 years 

ago and its namesake, Johannes Kepler, considered 

SN 1604 a new type of star at the time. 


AY) Coys} mel nC 00) Cer=) 
elements are made 
in a supernova 


The normal process inside stars, stellar 
nucleosynthesis, fuses hydrogen to creat 
elements, from helium through the sie 
table to iron. To create the heavier elements 
through to uranium, however, requires sometl 
exponentially hotter and more energetic even 
the core of a star - those forces typically foun 
the instant of a supernova. . 








| They're brighter 
. ___ than a galaxy 


For a short period of time, a single supernova can 
_ easily outshine an entire:galaxy of stars, teleasing as 
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entire, 10 billion-year lifespan. 


~ Not all supernovas 
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Some stellar explosions don’t destroy their 

. progenitor stars: these dre known as stellar 

impostors and they're not true supernovas, Pilaatoyiteda 
they're easily mistaken as one. Rather, they're a type 
of especially powerful nova - a phenomenon that 

. causes a star to release large amounts of,energy and 
brighten significantly for a short period. 


. + Supernovas can 
: “ee create incredibly 
| * .  ~beautiful nebulas 


destructive force is often quite stunning. Some of 














much energy ina single burst as our Sun will in its - 


= destroy stars. 


The result of this immense and apparently - 


i te oo the most famous stellar objects that we know of 
* * ‘ - today:- the go-to targets for astronomers - were 
* ‘created by supernovas that occurred hundreds or 
j _ thousands of years ago. These classic sights include . 
The Butterfly Nebula is one of ' : - - the Erab Nebula, SN 1987A, Tycho's Supernova E 
many awe-inspiring space sights _ : . - Remnant and the dramatic beauty pictured here, # 
* created by asupernova = ' the Butterfly Nebula. & 
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Tom Davies 
Nowadays all astronauts 
sf ne OnE RS eeanellianylll 
- . be residents of the 
International Space 
nS) 15 (0) 8 @ bots) a ROMS) f= hs 
in orbit the ISS has to 
y \'(om- =| 10) 01 PAY A 0) 6) 
kilometres (17,000 
miles) per hour 
so technically 
spacewalking 
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Sophie Allan 
= National Space Academy 
Education Officer 
Wi Sophie studied 
‘astrophysics at 
university. She has 
aspecial interest in 
astrobiology and 
planetary science. - 
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National Space Centre 
@ Zoeholdsa 

Master's degree in 
Interdisciplinary Science 
and loves the topic 

of space as it unites 
different disciplines. 


Education Team 
Presenter 
 Havingearneda 
Master's in Physics and 
Astrophysics, Josh 
continues to pursue his 
interest in space at the 
National Space Centre. 


Senior staff writer 

i Gemma has been 
elected as a fellow of 
the Royal Astronomical 
Society andis akeen 
Stargazer and telescope 
enthusiast on All About 
Space magazine. 
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Eerste vwou 


fast could 
astronauts move. 

through space on ~ 

elr Spacewalks? 


astronauts are already moving at an 
incredible speed. 

Relative to the station, however, 
a spacewalking astronaut does 
not tend to move particularly fast. 
Going outside of the spacecraft is a 
dangerous past-time and so astronauts 
tend to take their tasks slow and 
steady. If they were not tethered the 
ISS there is a genuine risk of floating 
away with just a small force from the 
astronaut. SA 
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onauts on an orbiting 

spacecraft are already 
moving around the Earth 
at an incredible 27,500 
kilometres (17,000 
miles) per hour 
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Most of the galaxies that 
we observe are billions 
of years old 












Comets, just like Halley's Comet 
(pictured) travel on elliptical orbits 
around the Sun 


a 


What path do 
comets follow 
through the 


. . rae 
aM sate) | 5 
a6 e ~ > 
didX1eS anleye Solar System: 
t 
, Ben Davies 

Brian Whitstable However they do evolve and they will be deformed and will eventually Comets follow elongated - or elliptical 
Galaxies are not really living objects, can also be disrupted by the gravity merge. At this point a huge amount - paths around the Sun. In comparison, 
so while they can't die, they can in from other galaxies. In fact, our own of star formation will be kicked off planets follow almost circular orbits 
fact change. The galaxies we see Milky Way is on a collision with one and the resulting galaxy will be around our star. When a comet 
in the night sky have been around of our neighbours, the Andromeda a large elliptical blob rather than reaches the point in its orbit called 
for billions of years and remain galaxy. In a few billion years we will the fine disc like structures we can perihelion, it swings closer to the Sun 
unchanged for millions of years. pass close enough that both galaxies currently see. JB and also appears to travel faster. Its 


most distant point from our star marks 
its aphelion. 


: The time it takes for a comet to 
| 4 SPACEEXPLORATION| Pieces oe ee complete one circuit of its orbit is 
eo ae called its orbital period. It is from this 


Is it oyex-ny La) (= for ee ais eae that these dirty bodies of ice and dust 


unable to leave the can be classified. Comets who take 


today's fighter jets ; | Earth's atmosphere less than 200 years to finish one lap 


around the Sun are known as short- 


Ke) pass hale space? period comets. An example is Halley's 


comet, which takes 76 years. On the 
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Joe Polson other hand, there's the long-period 
Even the most modern of fighter comets, such as Comet Hale-Bopp, 
jets cannot fly into space. The F-35 which completes its orbit once every 
Lightning II, considered to be the 2,500 years. GL 


worlds most advanced craft, has a 
service ceiling of around 15 kilometres 
(nine miles). This is less than a fifth 
of the way to space. Part of the reason 
fighter jets can't fly this high is their 
power source. Jet engines rely on 

air intake to function properly. Once 
you get above certain heights the air 
is two thin for jet engines to work 
efficiently so they end up shutting 
down. On top of this, while modern 
fighter jets have some degree of low 
pressure provision, the equipment is 
not enough to deal with the almost 
zero pressure environment above the 
Earth’s atmosphere. JB 
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lit us in 2032? 
Astrophysical Observatory in Ukraine, With the Near-Earth Object 
when it came within about 6.7 million Observations Program - commonly 





Could an asteroid 


Tim Beckingham 
In October 2013, NASA put the 











probability of an Earth impact from kilometres (4.2 million miles) of Earth. called ‘Spaceguard’ - watching 
asteroid 2013 TV135 as one in 63,000, It is estimated to be around 400 any chunks of rock that could be 
with a 99.998% certainty that it will metres (1,300 feet) in size and its orbit potentially hazardous to our planet, 
miss Earth's orbit. catries it as far out as three quarters you can sleep safe in the knowledge 
As the universe has expanded, it has The asteroid was discovered by of the distance to Jupiter's orbit and as that 2013 TV135 (or any apocalyptic 
cooled down astronomers working at the Crimean close to the Sun as Earth's orbit. asteroid) won't hit us in 2032. SA 
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Is the particles around a star 
universe | | 
cooling down? 


Kerry Stacey 
Since the Big Bang the universe has 





“ been expanding and, as it expands, 

it’s cooling. We can measure the 

temperature of the universe by 

looking at the cosmic microwave 
_ background (CMB) - the thermal - 











radiation left over from the Big Bang. -" 
By investigating the CMB scientists > = ™ 
have been able to determine that its } 

temperature has been dropping off 


smoothly as our universe pans out. | 4 DEEP SPACE| 


The current average temperature of : o P 

the cosmos is estimated to be around \ \ | laele iS dil e(eesule)al alters 

2.73 Kelvin (-270 degrees Celsius/-455 . 

degrees Fahrenheit). James Davies an accretion disc because the gas is much causes a supernova. Around a 
The point of the Big Bang is Whenever gas nears an object with ‘accreting’ onto the object. Around a black hole the gravitational forces are 

described as an infinitely hot and significant gravity, it moves towards newborn star this eventually grows so strong that the gas becomes heated 

dense singularity. The energy from it. If the object - be it a newborn star, into planets. Around a white dwarf to millions of degrees. In the most 

the Big Bang spreads out as the a white dwarf or a dreaded black stealing gas from a close companion extreme cases these discs glow so 


universe expands, which gives us the hole - is spinning, then the gas falls star, the gas in the accretion disc bright that they can be seen across the 
cooling effect. ZB into a spinning disc around it, called winds up on the surface, where too universe as a quasar. GL 
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a SE ES Ge, sss Tae ae ae a How many stars are 
. , aa IS es eee ee am PY | there in the Milky Way 
: *_ (S55 east cep es See ee oe Bini,” <p wa. galaxy? 

} > “= ta ae tse 3 “4 : According to studies into the 
2, | As amount of light emitted by 
| ; eo Die oe Sin nS tell our galaxy, astronomers have 
Sak. %: “ ed . _ estimated that there are at least 
; 100 billion stars. 


. Is the Moon hollow? 

F = Ee No, the Moon isn't hollow. The 

way spacecraft have orbited our 

Satellite’s gravity tells us about the 

: | a) Moon's mass. Knowing the size of 

: — as | oe eae the Moon, we can figure out the 
ie | Bh. density, which tells us that it has a 

solid centre. 


[ Csmonom) és | " 2 9] Do ‘shooting stars’ have 


a typical mass? 


| Meteoroids - small lumps of 
space rock - that enter our Earth's 


atmosphere are usually just a few 


e 
I O milligrams. Anything above a 
vAVi@)4 S di KeS S «C1eS few kilograms will make it to the 
= ground, earning this piece of rock 
Keith Collins and lack of light pollution in middle of | on clear nights so it’s always worth the name of ‘meteorite’ 


The best places for stargazing have deserts would make for great viewing, investigating your local area. A 
minimal light pollution. The further you often don't need to travel far for fantastic resource to check is the Dark Can I communicate at 
we get away from civilisation, we massive improvements in observing Sky Discovery website. This project faster then the speed of 
are often further away from light conditions. Places like national parks maps areas in the UK with dark skies light? 

pollution and the better the views of and large patches of countryside can that allow for much better night sky According to Einstein's theory 
the night sky. While the clear skies have fantastic viewing conditions viewing than your averge town. SA of relativity, faster-than-light 


communication is the equivalent 
@ | . to time travel. Sadly, the scientific 
consensus is that communicating 


Why do Some ata speed faster than that light 


travels at is not possible. 


planets appear to “as etaeruas 
move backwards {| made of? 


Quasars are massive black holes 


through the sky? | in the centres of young active 


galaxies, which glow brightly 
Leona Cooper 


when material falls into the black 
Astronomers call this retrograde motion and - 
aed : aes ; “~ hole. However, we don't know 
ScD einai cae ac anaei aceon wee ee What a black hole is actually 
Earth rather than the planets literally changing 

one made’ of as of yet. 

direction. Mars has the largest retrograde 
motion. Because Mars is further from the Sun s *s e - Do the magnitudes of 
than Earth, it orbits the Sun slower, meaning °. a ry stars change? 
Earth on the inside track can catch it up and o As a star evolves and changes 
then overtake it. As Earth passes Mars, our %~s . from one type into another - for 
view of Mars changes relative to the more * example, a main sequence star 
distant constellations and Mars appears to . _— into red giant - then its colour, 
move backwards. It isn't really, it is just an * “ temperature and its magnitude 
illusion caused by Mars being slower. As will also change. Generally 
Earth moves around the Sun the motion The position of Mars convinced speaking, the younger the star, 
of Mars appears to change and it begins to early astronomers that it was the hotter and brighter it is. 
move forward again. If we could draw a line looping around in the sky 
following its path, it would appear to loop. GL 
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Quick-fire 
questions 


@spaceanswers 





Can one star orbit 
another? 
Yes, they can. We know of many 
of these binary star systems. Most 
multiple star systems are binary, 
but three or even more stars can 
orbit one another. 


How to unmanned space 

probes avoid smashing 

into one another? 
We keep track of a spacecraft's 
position and velocity and from 
those, we can figure out where 
it's going and when it will reach 
a certain point in space. If there's 
going to be a collision, we're able 
to steer the spacecraft out of 
harm's way. 


Is there a ‘South Star’? 
No - it’s just a coincidence that 
we have the North Star we call 
Polaris close to the Celestial North 
Pole. The closest star to the South 
Celestial Pole is Sigma Octanis, a 
dim star of magnitude +5.4, which 
rests just over one degree away. 





From which hemisphere 
can I see the largest part 
of our galaxy? 
In each hemisphere, you can see 
equal amounts of the Milky Way 
as it forms a great circle on the 
sky. The closer to the equator 
you are though, the more of our 
galaxy you can see. 


Why is the Moon so 
bright? 
Amazingly, the Moon's surface 
isn't that reflective and only 11] per 
cent of the Sun's light bounces 
off the lunar surface. The Sun is 
so bright though, that even this 
reflection looks bright to us! 


How long would it take 
for the Earth to fall into 
the Sun? 
If the Earth was to suddenly stop 
orbiting our planet, then it would 
take around two months to fall 
into the Sun. 


; 


Is it possible to see detail on 


Venus with my telescope? 


Roxanne Harris 

Venus is wrapped in thick clouds of 
carbon dioxide that make it impossible 
to see down to its rocky surface. Even 
spacecraft in orbit around Venus have 
to resort to radar to penetrate the 
clouds and detect the surface terrain, 
and NASA’'s Magellan space probe did 
this successfully in the 1990s. Amateur 
astronomers can though detect some 
details in Venus’ upper atmosphere, 


[ * DEEP SPACE | 7 


particularly when using ultraviolet 
filters. These details include swirling 
patterns of cloud visible as darker and 


light patches. On the odd occasion it may 
also be possible to witness a mysterious 


phenomenon of unknown origins 
called Ashen Light, which appears on 
Venus’ dark side when the phase of the 
planet is a crescent. It is also possible to 
follow all the phases of Venus, just like 
you can with the Moon. GL 





Stars in a binary system are 
usually born at the same time 


Can binary or triple star systems 


have stars with 


Gemma Collins 

While it is possible that two stars, 
which formed individually could 
encounter each other in such a way 
that they form a binary star system, it 
is highly unlikely. Instead, astronomers 
believe that stellar members in these 
systems are likely to have formed at 
roughly the same time. 

Just how they form is likely to 


' ? 
ifferent ages: 
have been from a collapsing cloud of 
cold gas, which brought the stars into 
existence at the same time. What this 
doesn't mean though, is that they are 
at the same stage in their evolution. If 
the stars have different masses, then 
they are likely to be at different stages 
in their lives. Stars with higher masses 
age more rapidly than those stars with 
lower masses. GL 
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Unfortunately, it takes 
an orbiter to see detail 
like this on Venus 


You don't even need a pair of 
binoculars for stargazing, but 
they will help! 


SC 


Do I need at 
least a pair of 
binoculars for 
stargazing? 


Ben Martin 

The great thing about stargazing 

is that you can see plenty of stars 
and constellations with your eyes 
alone. However, looking through 

a telescope or binoculars can 
however open up a whole world of 
sights that can't normally be seen 
without. In general, the higher the 
magnification you have the more 
detail you will be able to see on 
closer objects, like planets. Higher 
magnifications will also help see 
more clearly the dimmer objects in 
our skies. Whatever magnification 
you might have to hand will 
usually enhance your overall 
stargazing experience. SA 
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What would hap en if an 
astronaut took of their helmet 


' Pd 

in space: 

John Morris 

If an astronaut’s helmet was to 
accidentally come loose or come 

off completely when in space, then 
obviously, this would be very bad 
news indeed. Remember that space is 
a vacuum, meaning that there are no 
particles floating around. When you 
are exposed to this, the air in your 
lungs has no choice but to be forced 
out through your mouth. Not too long 


if 


If we discovered _ 
another planetim 


after, your breathing motions will seem 
fairly normal despite their being no 

air to breathe until you die of oxygen 
deprivation. Contrary to popular science 
fiction, you won't freeze instantly and 
your eyeballs won't explode but you 
will become aware of the spit on your 
tongue boiling away, as well as your 
sweat. As a whole, you'll experience 

a kind of fizzy feeling - almost like 
drinking a carbonated drink! GL 


An artist's impression 

of dwarf planet Eris, 

pictured here with its 

@) moon Dysnomia 


=i 


ww 


Solar System, what = 


would we call it? ~ 


Janet Darren 
Jee balcjecwelccmeaccalarcies(selrelacse Roman _ 
gods and goddesses, so it’s assumed — 


that another world discoveredin ou f- . 


eae 


Solar System would also be nai ee 

after them too. The individuals — 

that make the final decision are — 

the members of the international 

Astronomical Union - a collection sme 

professional astronomers current 

involved in research and the ~ eo f 

education of astronomy. oe oF: 
It's unlikely that we’ ‘IL find a1 

new worlds bigger than Plut @) Us ng 

telescopes on Earth, ° we've foun 

many objects that bis: ft, el 

full planet status. These a re Cal 

Kuiper Belt Objects (KBOs) or T 

N(ejejabbebr-bem@)») (2618: (INOS) ar 

named after gods and goc 

various cultures. Objects the 

larger than KBOs and TNOs 1 fit j 

the dwarf planet category, like | Plut 


which was famously demoted frony ~ “ 


‘classical planet’ statusim 2006; ZE 


www.spaceanswers.com 


- =a = 
J AF ti 














THINGS WE'VE 
LEARNED ABOUT 


I Fate 


Get up to date with the greatest 
discoveries about the Red Planet 


" FUSION 
POWER SUN 


| Find out how our Sun generates 
| enormous energies to light the Earth 


| OUTPOST 
=“) EARTH 
' ~- =" Discover the amazing places 
astronauts train for future missions 


STARGAZING 
SIGHTS 2015 


Your go-to guide for the best 
astronomy opportunities of 
the coming year 
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This month’s most The best of our readers’ 
spectacular night-sky objects | astrophotography images 






74 Choose the 


perfect telescope 
- The All About Space 
guide to buying a telescope 


84 Ice giant 





9? Astronomy 
kit reviews 


The latest essential astronomy 
gear and telescopes reviewed 





In this 


E observer's guide 
issue... 


How to spot Neptune and 
Uranus this season 






Choose the 


perfect telescope 


Whatever your budget or experience in astronomy, 
there's a telescope out there just for you 


Buying a telescope that fits all of 
your needs without leaving a dent 

in your finances is a balancing act 
that many astronomers can find 
daunting - especially those that are 
new to the hobby. It’s often easy to 

go for the telescope that does the 
most and with the heftiest price 

tag, but this can sometimes result 

in disaster. Especially so if you find 
yourself getting frustrated with using 
your new instrument - so much so 
that your shiny new impulse buy is 
soon gathering dust in a corner of 
your house. Of course, at the other 
extreme is that you might spend 

so little on your telescope that you 
end up conning yourself. That is, 
buying a telescope from a mail-order 
catalogue, which is nothing more 
than a toy or cheap instrument from a 
non-reputable dealer. Both ways are a 
waste of finances and a waste of time. 
So what do you do to ensure you don't 
fall into this trap? 

The answer is to know exactly how 
much youre willing to spend, what 
you find most exciting about the night 
sky and whether that interest is going 
to stay with you for a good amount 


‘Avoid instruments that offer fantastic 
magnification for very little cost - if it sounds 
too good to be true, then it most probably is” 
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of time. For instance, if you're a Solar 
System observer and you would like 
nothing more than to gaze at the 
moons of Jupiter, the rings of Saturn 
or the craters and ridges of the Moon 
then you should go for a telescope 
that’s capable of achieving these 
views. If you can't decide, and prefer 
to observe anything and everything in 
the night sky, but you want a telescope 
that's relatively easy to set up, then 
you can also buy a more general 
instrument that fits this criteria. 

The next step is to do plenty of 
research before making a purchase, 
either by reading up on your hobby 
using stargazing books or getting some 
advice from a seasoned astronomer 
at your local astronomical society. It's 
also essential that you shop around 
to compare prices to make sure that 
there's a satisfactory trade-off between 
how much you can afford and what 
the telescope can do for you. 

Whatever capabilities you have 
decided on, the rules for choosing a 
telescope are essentially the same. 
Don't go for cheap, poor-quality 
models that you can often find 
being sold in high-street stores or in 





catalogues, avoid ‘scopes that you 
know you'll find particularly difficult 
to set up and are too heavy to carry as 
well as instruments that offer fantastic 
magnification for very little cost. If it 
sounds too good to be true, then it 
most probably is. And that’s not all - 
smaller parts of the telescope should 
be examined carefully before you 
set your heart on a purchase: like a 
finderscope with a tube hardly thicker 
than your finger or that supplies a dim, 
fuzzy view, as well as instruments that 
come with eyepieces (which should be 
multi-coated) with barrels of less than 
one-and-a-quarter inches. 

It’s easy to go for a telescope that 
boasts a large magnification, but 
you should look to avoid these at 
all costs. Instead, you should focus 
on the telescope's aperture - that is 
the diameter of the objective lens or 
mirror that collects light. The larger the 
aperture is, the more light that your 
telescope will collect and therefore 
the better the views. A six-inch 
(150-millimetre) reflector telescope, 
for example, has a mirror that collects 
four times more light than a three-inch 
(75-millimetre) mirror and so a faint 
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galaxy observed on a Moonless night 
will be four times brighter. 

With the aperture being one of the 
most important things to consider 
when buying a telescope, you should 
next consider the focal length. The 
main thing to remember here is that 
bigger isn’t always better when it 
comes to looking at which instrument 
to select. It really all comes down to 
the targets you want to view. A shorter 
focal length of about 20 inches (500 
millimetres) will provide a field of 
view for you to take in large areas of 
the Milky Way, as well as showpieces 
such as the Pleiades (M45) open 
star cluster and Orion Nebula (M42). 


Meanwhile, high-power objects such as 
the Moon, planets or double stars need 


a telescope with a longer focal length 
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of about 80 inches (2,000 millimetres). 
If youte an astronomer that can't 
really decide, then there are plenty of 
compromises between aperture and 
focal length but you must be willing to 
make a few trade-offs in terms of the 
heft of your instrument, the field of 
view and its power. 

Armed with the knowledge of what 
you should be avoiding, an idea of 
What you should be looking out for 
and your budget, as well as night-sky 
targets that will interest you - whether 
that be planets, the Sun, the Moon or 
even nebulae - you are now ready to 
choose your perfect telescope. 
—— 


Choose the perfect telescope 





















telescope 
checklist 


You know your budget 


You have an idea of what 


you need 
You have spoken to other 


astronomers and read any 
relevant literature 


If you've ticked off all of 
the above, then you're 
now ready to choose 
your ideal telescope 










Choosing a 


You know which astronomical 
objects interest you the most 


aperture and/or focal length 
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{STARGAZER' 
The Refractor 


If youre looking for a telescope that’s easy to set up for planetary 
and lunar viewing, then the no-fuss refractor is for you 


As the name suggests, refractors bend (or refract) 

the light that they gather to give you a view of your 
astronomical target. As telescopes go, they have a 
fairly straightforward setup and consist of a main 
objective lens at one end that focuses light through 
to the other. Intuitive to use, the refractor is often a 
popular choice of instrument for novice astronomers 
as they need little maintenance and are usually 
affixed to the simple altazimuth mount, which slews 
simply from side to side and up and down to locate 
a desired night-sky target. Being easy to use means 
that these telescopes are also simple to manufacture 
(at least when it comes to the novice models) and 
therefore cheaper to buy - the downside is that 

the higher the aperture, the more expensive the 
refractor gets. Unfortunately, this means that the 
basic refractor is also a number one target to replicate 
in mail-order catalogues and other non-reputable 
vendors, so caution must be exercised when 
purchasing this type of telescope. 


A GoTo 
refractor with 
motorised 
mount 


A computer 
makes 

this easy 
telescope 
even simpler 


Refractors are particularly good at giving highly 
magnified and high contrast images. Because of 
this, they are ideal instruments to use when looking 
at Solar System targets such as the Moon and the 
planets. The best refractors usually have an aperture 
of two inches (60 millimetres) or more and will 
provide you with reasonable views of astronomical 
objects. If you're looking for a larger aperture, then 
a three to four-inch (80 to 90-millimetre) refractor 
should suit you best. 

The drawback of a refractor is that they can suffer 
from chromatic aberration, or colour fringing. When 
a single lens doesn't focus all of 
the colours emitted from a 
target object at the same 
point, bright objects such 
as the Moon or Venus 
usually have a coloured 
halo around them. To 
reduce this problem, 























many refractors are manufactured as achromatic or 
apochromatic (Extra-low Dispersion (ED) telescopes). 
The achromatic refractor is cheaper than the 
apochromatic refractor and, combined with its 
efficiency, is often the type of telescope that novice 
astronomers go for. Even if you decide to go for the 
more expensive achromatic, you're still likely to get 
a stubborn degree of purple fringing around some 
targets. Unless you're a seasoned skywatcher and you 
can afford to go for the more expensive apochromatic 
- which corrects for this effect by using exotic glass 
in the lenses - this degree of colour fringing will taint 
your observing experience to a minor extent. If you 
do decide to go for the expensive option, then you 
will be stunned by the views you will get through 
these excellent telescopes. Be warned, though, 
you might find that some apochromatics come 
— without a tripod, something that you'll have to buy 
separately along with any other accessories - so be 


' sure to choose wisely. 


A diagonal makes for 
comfortable viewing 


Which 
refractor is 
right for me? 


Achromatic 
zh Simple to use 
5) Little to no maintenance 


G Can become costly when going 
for large apertures 


¢ Expensive achromatics can still 
suffer from colour fringing 


Apochromatic 
= Little to no colour fringing 


Very expensive in comparison 
to the achromatic 


Internal parts often fragile 
























Objective lens 
Serving as the ‘eye’ of the 
telescope, the objective 
lens gathers light before 
directing it down the 
tube to create an image 
for the observer at the 
other end. 





the refractor 


Alt-azimuth mount 
Many refractors come 
with the simple alt- 
azimuth mount, which 
allows the telescope to 
be slewed from left to 
right and up and down. 


Focuser | 
This mechanism smoothly moves 
the draw tube in and out to 
create a view of the object that's 
crisp and clear. Remember each 
eyepiece you use will have a 
slightly different point of focus, 
so you might find that you need 
to adjust the focuser much more 
from one eyepiece to the next. 
Before purchase, you should 
ensure that the focuser is smooth 
and does not cause the drawtube 

to wobble as it moves. 






Star diagonal 
Employed by refractors to 
y make viewing much more 
‘comfortable, the diagonal is 
a prism or a flat mirror that 
bends light at an angle of 
90°. Observers are likely to 
prefer a diagonal that uses 
a mirror since they absorb 
much less light than a prism. 





Vixen Space Eye 70 
Cost: £129 / $139.95 
From: Astronomia (www.astronomia.co.uk) 
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Choose the perfect telescope 


Finderscope 
Taking the 

appearance of a 
‘small telescope’, 


the finderscope is 


mounted on the 


main astronomical 


telescope and is 


used to locate your 
desired target with 
a large field of view. 


Sky-Watcher 
Mercury- 
707 SynScan 
AZ GoTo 
Cost: £239 
(approx $386) 
From: Optical 
Vision Ltd (www. 
| {opticalvision.co.uk) 








Eyepiece 
The eyepiece slots into the 
diagonal, magnifies the image 
and puts the focused image 
where your eye can see it. 
You'll find that more often than 
not telescopes are sold with 
two or three eyepieces (often 
of the Plossl variety), which are 
usually interchangeable with 
other telescopes. 

















Celestron 80ED Sky-Watcher 
Cost: £310 Evostar 80ED 
(approx $499.99) Cost: £469 (approx $758) 
From: Celestron From: 365astronomy 


(www.celestron.com) (www.365astronomy.com) 





77 
































{STARGAZER 
The Reflector 


Akin to a bucket that 
grabs as much light as 
it can, the reflector is 
an ideal choice for faint 
deep-sky objects 


There are two common breeds of reflector telescope 
- the Newtonian and the Dobsonian. The way these 
scopes operate, however, is exactly the same: they 
both use mirrors to reflect light to create an image 
of the object that you're looking at. The Newtonian 
telescope is made up of a curved light-collecting 
mirror, which can be found at the tube's base. The 
light that then hits this mirror is reflected back to 
the front of the tube, where a smaller flat mirror - 
orientated at 45° - brings light to the observer, who 
can then see the object that they are viewing. 

The Newtonian can be found on alt-azimuth 
mounts, but you shouldn't be too surprised to find 
this type of reflector more commonly mounted on an 
equatorial mount. This allows the telescope to follow 
the rotation of the sky while being aligned with your 
hemisphere's celestial pole. Newtonian reflectors 
are very popular within the amateur astronomy 
community thanks to their versatility. They allow 
users to observe a wide selection of astronomical 
targets and are perfect for astrophotography, while 
you can also buy a large aperture for a decent price. 
For instance, an eight-inch (200-millimetre) reflector 
costs less than a refractor with the same aperture - in 
short you get much more value for your money. 

On the downside, the Newtonian doesn't 
come hassle-free, especially when it comes to 
maintenance. You might find yourself having to 
realign the optical mirrors as well as repainting 
the mirror’s surfaces, since they can eventually 
become tarnished. If you choose to go for a 
reflector of this sort, then you should always 
choose one which has mirrors with a protective 
coating - these will last longer. 

Some beginners to the hobby of astronomy might 
find setting up and using an equatorial mount tricky 
and that’s where the Dobsonian comes in. This 
has the capabilities of a reflector but without the 
complexity that an equatorial mount will bring, since 
it employs an alt-azimuth mount. Not only that, but 
this type of reflector isn't limited to an aperture size. 
This contrasts equatorial mounts, whose structure 
means they cannot support large aperture telescopes. 
Dobsonians are very simple to use, and can be pulled 
into orientation when looking at astronomical objects 
with ease. If you're not confident in manhandling 
your telescope though, then GoTo Dobsonians 
as well as Newtonians, for that matter, are on the 
market - albeit at a higher cost. 



























Which 
reflector is 
right for me? 


Dobsonian 
=b Easy to set up 










2 Alt-azimuth mount makes for easy use 


+ Ideal for observing deep-sky objects such 
== as galaxies and nebulae 







qs Not so good for astrophotography 


Newtonian 


+ Better optical performance than 
="  arefractor for the money 









= Optically free of any false colour 


=» Good for astrophotography 


Higher maintenance in comparison 
¢ to the refractor - especially with 
realignment of mirrors and resurfacing of 


Reflectors tarnish tical coatin 
Whatever you decide, these telescopes are are excellent eOOPuCE CoaNie 
excellent for low-magnification targets such as entry-level « Spider impacts light-gathering abilities and 
galaxies and many types of nebulae. telescopes therefore impacts the image resolution 
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Choose the perfect telescope N 


Focuser 

Just like the 
refractor's focuser, 
an image can also 
be brought into 
focus when viewed 
through a reflector. 
It can be adjusted 
towards and away 
from the telescope 
tube to give a sharper 
view of a target. 



























Secondary mirror 

This small mirror is of an 
elliptical shape and is tilted at 
an angle of 45°. It looks circular 
when you look at it through the 
open focuser tube. 


Anatomy of 
the reflector 


Spider 

A four-vane spider is a device 
that holds the secondary mirror 
in a central position over the 
primary. The vanes must be 
thin so that light isn't blocked 
from entering the telescope. 
Some astronomers complain 


that the spider causes an Eyepiece 


obstruction that affects the io nane 
quality of an image. a 
telescope, this 
is where the 


eyepiece slots 

in and magnifies 
the image, 
putting the 
focused image 
where your eye 
can see it. 


A reflector's size is governed 
by the diameter of the primary 
mirror. The cylindrical tube 
makes up most of the body of 
the telescope and holds the 
mirrors, the spider and the 
focusing mount. 


® Equatorial mount 
It's much more common to 
find an equatorial mount on a 
Newtonian reflector telescope 
but this type of telescope 
can often be affixed to other 
mounts. Equatorial mounts 














- 


Primary mirror | 





A Newtonian’s primary mirror 
should be of good quality and 
preferably parabolic in shape 
- this will ensure cleaner and 
crisper images. The primary 
mirror’s diameter will govern 








allow the telescope to follow 
the rotation of the sky, while 
being aligned with the north or 
south celestial pole. Dobsonian 
telescopes are fitted onto an 
alt-azimuth mount. 






how much you will see. 









Sky-Watcher Explorer 130P 
Newtonian Reflector 

Cost: £184.99 (approx $299) 

From: Harrison Telescopes 
(www.harrisontelescopes.co.uk}) 





















~. 

3 _Sky-Watcher Skyhawk- 
~~ ~=—«1145P SynScan AZ 
Celestron GoTo Newtonian 
: | AstroMaster 114 Cost: £299 
Sky-Watcher Skyliner ae EO Reflect (approx $483) 

150P Dobsonian Q Reflector aan 
Cost: £209 (approx $338) Cost: £170 i. $357.95 From: Tring 
From: Telescope House a From: Celestron Astronomy Centre 
(www.telescopehouse.com) (www.celestron.uk.com) } | (www.tringastro.co.uk) 
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The Catadioptric 


Ideal for astrophotography, this telescopic hybrid is 
an excellent deep-sky telescope - but be prepared to 
take a bigger hit to your wallet 


In order to take the best parts of two different 
telescope types - those being the reflector and 
refractor - telescope manufacturers introduced the 
Schmidt-Cassegrain and the Maksutov-Cassegrain. 
Most of these hybrid catadioptric telescopes have 
the added bonus of correcting any problems that 
are often experienced using your standard reflectors 
and refractors. 

The Maksutov-Cassegrain corrects the problem 
that the reflector experiences - an aberration effect 
called coma, which can make objects look distorted 
and appear like they have a tail. This effect is 
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reduced or banished with the combined efforts of a 
mirror and a corrector lens. The Maksutov is ideal 
for beginners or for those who don't have the time 
(or funds) to complete any extensive maintenance 
on their ‘scope since the tube's optics are sealed 
off. This catadioptric is very robust and is also the 
ideal family telescope. Packed into its short optical 
tube is a system that allows you to target higher 
magnification objects such as the planets, Moon and 
double stars. Sadly, though, if you're an observer 
interested in capturing wide-field objects such as 
open clusters and other objects that take up a large 


area of sky, then you are better off investing in a 
rich-field telescope such as a Dobsonian. The good 
news, though, is that you'll be able to pick up a 
Maksutov for a very good price. Not only that, but 

if you struggle to find objects and your way around 
the night sky, then both this type of catadioptric 
telescope and the Schmidt-Cassegrain, can be found 
commonly equipped with a GoTo system. 

What you get with a Schmidt-Cassegrain is very 
similar to the capabilities of the Maksutov. It will 
allow you to make general observations of planetary 
targets and stars, but is unfortunately less suitable 
for wide-angle astronomy on its own. However, it is 
possible to expand the telescope’s field of view with 
the help of corrector lenses, therefore providing you 
with the opportunity to view a wide selection of 
astronomical targets. 

The catadioptric telescope is also suitable if you 
want to try your hand at astrophotography but 
combine this with their marked improvement on 
your standard telescope and you're looking at a 
substantial hike in the price in comparison to the 
reflector and refractor. 


“Most catadioptrics have a bonus of 
correcting problems experienced with 


Catadioptrics: 
great for planets 
and star viewing 








reflectors and refractors" 


Which 
catadioptric is 
right for me? 


Maksutov-Cassegrain 


|b Low maintenance 


sh Possess a short, and therefore portable, tube 


| + Very good for observing double stars 


and Solar System objects 


G Not suitable for wide-field targets such as open 
clusters and large amounts of the Milky Way 


Schmidt-Cassegrain 


+ Very good for observing stars and Solar 
== =System objects 


2 Low maintenance 


| sb Fairly cheap due to popularity 


=) Portable 


Suffer from effects such as a coma, 


= which means that corrector lenses need 


to be considered 


G Not suitable for wide-field targets such as open 
clusters and large amounts of the Milky Way 





Choose the perfect telescope N 
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Anatomy of the sherk Led 


This is the lens found at 


& @ 
catadioptric the front of the telescope 






Visual back in Maksutov-Cassegrain | 

The hole at the back of the instruments. This alters the | * 
telescope is threaded, which light rays to compensate L” ; 
means that a variety of for any aberrations that are 4 : 
accessories can be attached introduced by the spherical 

including the eyepiece. A primary mirror. 





camera can also be added for 
astrophotography using adapters. 
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Orion StarSeeker III 
Cost: £266.66 / $469.99 
From: Orion (www.elescope.com)) 


a@ 








Celestron 

> : ; lle NexStar 4SE 

.~ WW Spherical primary mirror ~~ | Picea 
| Unlike the Newtonian reflector, | | / $499 
Ie the catadioptric's primary " 
‘  mirrorismadetoaspherical | From: 262Astronomy = 
curve cross-section. The va (wWWw.365astronoMy i 

com) | 


aberrations produced by this 
mirror can easily be corrected = 
to give a good image. 


. 





Secondary mirror 

The secondary mirror can be 
found on the reverse of the 
meniscus lens in Maksutov- 
Cassegrain telescopes. As in 
Schmidt-Cassegrain instruments, 
this mirror reflects light from 
the primary mirror back down 

© CELESTRON the tube to the focuser. 
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Meade 
ETX90 
Cost: £430 

(approx $695) 
From: Harrison 
J Telescopes (WWW 
1 |harrisontelescopes. 

























































y ' y \ co.uk) 
Cooling fan oo , 
| In larger Maksutov- i), 
wees Cassegrain telescopes, one or L | y 
Se) ee more cooling fans are built in & Yi, 
“A B to the body of the instrument Y 
m™ to get the glass to cool down // 
»: faster. This stabilises and "y 
improves images. Celestron 
~. Foe 4 SkyProdigy 6 
wf Cost: £1,249 
= / $999 
4 From: 
2% Astronomics 
A 2 (www! 
Wertastronomics.com) 
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Which telescope is right for me? 


With dozens of varieties on the market, which of our telescope types 
should you choose? Follow our flowchart and find out 


IMAGING 





Catadioptric 
YouTe keen on imaging a wide 
variety of targets, particularly 
deep sky and that's why a 
catadioptric is the ideal piece 
of kit for you. Usually affixed 
to a GoTo mount, youTe more 
interested in getting straight 
to your target with minimum 
fuss. A Schmidt-Cassegrain 
allows room to expand your 
aperture using corrector 
lenses to fit in wide-field 
objects, while a Maksutov- 
Cassegrain is ideal for planets 
and deep-sky objects only. 






LARGE 


UNDECIDED 


OBSERVING 





Refractor 


While you can get cheap, 
low-aperture refractors, you 
are happy to spend that bit 

extra to get a refractor of 


high quality and with a wider 


aperture that’s suitable for 
viewing deep-sky objects. 
Planets occasionally take 

your fancy, and you'e able 


to observe them without any 
problem using this telescope. 









ae 
—_ 44 a 


aw 


brightest nebulae. Setting up 





Dobsonian 


The Dobsonian is the telescope 


for you. Ideal for anyone on a 


budget and capable of collecting 


lots of light, this instrument is 


perfect for faint deep-sky objects | | 


such as galaxies or nebulae. A 


visual observer, you're not worried 
that the Dobsonian is not ideal 


for serious astrophotography. 


You prefer an instrument that’s 
already set up, and that's why this 


telescope is ideal for you. 





Large 
Newtonian 


A large Newtonian 
reflector telescope is the 
ideal instrument for you. 
Youte more interested in 

observing, but a telescope of 
this size also allows you to 
consider astrophotography. 
You enjoy observing the 
planets, but are also keen 
on studying some of the 


an equatorial mount doesn't 
faze you. 





SMALL 
DEEP 
SKY 
SOLAR 
SYSTEM 





ae | 
Newtonian 
A small Newtonian reflector is the 
telescope for you. You don't have 
a particularly high budget, but you 
are keen on observing the planets 
and the Moon. You're looking for a 
telescope that's relatively easy to set 
up that's also capable of showing 
you bright nebulae. 


Asmall 
Newtonian is 
great for planetary 
observation 
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Observer's guide to 
Uranus and Neptune 


They te two of the most difficult planets to observe, so 
here's how to maximise your chances of viewing them. 


Uranus and Neptune are the hardest 
planets in the Solar System to see. 
This is because they are very far away. 
As the seventh and eighth furthest 
planets from the Sun, even at their 
closest points to Earth they are still 2.7 
and 4.2 billion kilometres (1.7 and 2.6 
billion miles) distant respectively. As a 
result they are fairly faint and are very 
small, just a few arcseconds across in 
the sky. But just because they are hard 
to see does not mean it’s impossible - 
you just need to know where to look 
and with what instruments. 

Uranus is the easiest of these two 
ice giants to spot. Next autumn is the 
best chance to see this huge planet in 
2015, as its opposition - when Uranus, 
Earth and the Sun are all ina line 
together, with Uranus ‘opposite’ the 
Sun from Earth - takes place on 12 
October in the constellation of Pisces. 
At magnitude +5.7 it is theoretically 
visible to the naked eye but, in 
practice, with all the light pollution 
and atmospheric haze around, very 
few people, if any, will see Uranus with 
just their eyes. Even in binoculars it 
will just look like a vaguely turquoise 
star-like object. To see the disc of the 
planet Uranus observers will need an 
eight-inch telescope at least, meaning 
it may be out of range of less well- 
equipped beginners. 

Uranus is a pretty dull planet to 
look at because there are no swirling 
bands of storm clouds like there are 
on Jupiter, and its rings are so dark 
and faint that they will be invisible 
to amateur astronomers, unlike 
Saturn's beautiful rings. You may be 
able to identify some faint banding in 
Uranus's atmosphere and filters will 








help you do this. Recently, an amateur 
astrophotographer in Australia, 
Anthony Wesley, has been able to 
image a bright storm on Uranus, but 
these are very rare and extremely hard 
to see and image. 

Uranus does have moons but only 
a handful are visible from your back 
garden. The easiest are Titania (the 
biggest of its moons) and Oberon, 
and it will be possible to spot these 
through a 12-inch telescope. Ariel and 
Umbriel are closer to Uranus, which 
makes them much more difficult to 
see and image, so you'll need an even 
larger telescope that not many people 
have. If you can see Uranus’s turquoise 
disc through the telescope and at least 
two of its moons, congratulate yourself 
on a job well done. 

Neptune is more difficult. At 
magnitude +78 it can only just be 
seen in binoculars, but is more likely 
visible in a medium-sized telescope, 
although you probably will not be able 
to see it as anything more than a blue, 
small, round object which is just 2.4 
arcseconds across. For comparison, 
remember that the full Moon is 
1,800 arcseconds in diameter. Using 
a high magnification of 300x will 
help resolve Neptune's disc, but don't 
expect too much - if you can see it as 
anything other than a star-like point 
you have done a good job. Neptune's 
next opposition occurs on 1 September 
2015 in the constellation of Aquarius. 
The planet's largest moon is Triton, but 
at magnitude +14 you will need at least 
a 12-inch telescope, clear skies and 
lots of luck. It's often easier to capture 
Triton in images taken with your 
equipment instead. @ 


‘If you can see Uranus's disc 
through the telescope and 
at least two of its moons, 


congratulate yourselt” 
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Filters and 
outer planet 
features 


We recommend yellow-green, green 
and magenta filters for observing 

the blue-green ice giants. Infrared 
filters also come in extremely handy, 
_ improving the contrast on the faint 
bands that may just about be visible 

_ in Uranus's atmosphere. Because 

_ Neptune is so distant and small in 
the sky, filters will not show any extra 
atmospheric details but will help 
enhance its characteristic blue colour. 
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Equipment 
checklist 








Telescope 

An eight to 12-inch telescope (200- 
300mm) is a necessity if you have 
an ambition to see either Uranus or 
Neptune as anything else but a star- 
like object. 


Eyepieces 

Eyepieces with magnification of up 
to 300x will help you resolve both 
ice giants as discs rather than just 
points of light. 


Sky chart 

A good sky chart with the positions 
of Uranus and Neptune marked on 
them is essential as both planets are 
faint and will be tricky to identify 
among all the stars. Alternatively, 

a GoTo telescope will take you 
straight to them. 


Imaging 

The best chance of seeing the 
moons of Uranus and Neptune is to 
image them. The planets may end 
up overexposed in order to see the 
fainter light of the moons. 
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Dunstanburgh Castle & 
Newbiggin, Northumberland 
Telescope: Meade LX90 ACF 12” 
OM i\eclopielacelelbceciemcom-liucenejany 
by my granddad when I was very 
young and my first sights were of 
the craters on the Moon, which 
were amazing. When I got my first telescope, I 
Saw Saturn's rings for the first time - the sight 
blew me away. I captured the Milky Way from 
Dunstanburgh Castle in Northumberland while I 
imaged Comet Lovejoy (C/2013 R1) at the end of 
last year and the Pleiades open star cluster (M45) 


The Milky Way Bs from my back garden.” 
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The Moon 
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Sarah & Simon Fisher 


Bromsgrove, 

Worcestershire 

“ Telescope: Sky-Watcher 
Maksutov 127mm 

\ “These are some of our 












favourite shots, where we P, ‘ 
usedaCanon600Dto | l 
capture the Earth's companion, the Moon, 
from our back garden. While we were waiting 
for the International Space Station (ISS) to 
pass on an evening in July, we amazingly 
managed to capture a meteor. 

“Near a motorway during the summer, we 
headed out to view the Moon, Saturn, Mars 
and the red supergiant Antares - we were 
thrilled with the light trails of the cars too!” 





Send your photos to... “> @spaceanswers @) photos@spaceanswers.com 
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stargazing 


Stones 


Email the story of how you got 
into astronomy to|/photos@ 
Spaceanswers.com|for a chance to 
feature in All About Space 


David Blanchflower 





“al 


Current rig 


Mount: EQ5 


“Tt was watching Star Trek in the 
Seventies that got me hooked on 
space. I had to look at the stars. My 
first telescope was a Tasco two-inch 
refractor. Not a great telescope, but 
the first time I saw the Orion Nebula 
through it was one of those moments 
you can't put into words. From then 
on I was an astronomer. I started 
reading as much as I could about 
astronomy - especially books written 
by Patrick Moore. 

“My first proper telescope was a 
six-inch reflector. I used this all the 
time making sketches and recording 
observations. At the end of the 
Nineties I had to sell the six-inch but 
I replaced it with large binoculars. I 
continued to study as much as I could 
about astronomy and astrophysics 
where I read a lot of magazines, books 
and academic papers. 

“In 2013 I opened a Twitter account 
and discovered photography - 


=~ Location: Newcastle upon Tyne, UK 
*. Twitter: @DavidBflower 
Info: Astronomer for 40 years 


Telescope: Sky-Watcher Explorer 200P 


Other: Two pairs of 10x70 binoculars, Nikon Coolpix L810 camera = ee SS 


especially that of the sky. Eventually 

I got a good digital camera, and have, 
with advice from other astronomers, 
been taking pictures ever since and in 
particular of the Moon. In September 
I got an eight-inch telescope and 

am now able to take better lunar 
photographs and I also enjoy taking 
solar pictures. 

“All my telescope photographs are 
taken using the afocal method and 
handheld. However, this is not the best 
way to take astrophotography pictures. 
A camera mount and drive should be 
used. In the future I will get a proper 
camera mount and drive for the 
telescope as well as a DSLR. 

“Amazingly I didn't attend my first 
astronomical lecture until earlier this 
year given by Professor Monica Grady 
about the rocks of Mars. I'll never 
forget it. I will always love astronomy 
and will be boldly observing for years 
to come.” @ 


David's top three tips 


1. Get a camera 


For afocal 
astrophotography, a 


2. Underexpose 
mount your Camera 

For bright objects like 
the Sun, even filtered, 


3. Get a filter for 
solar astronomy 
A must for solar 
photography. Never 


good camera mount is and the Moon, you look at the Sun through 
essential. Aligning with can get a lot of detail an optical instrument 
the telescope will be by underexposing without proper 

tricky but rewarding. the camera. protection. 
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“The Moon in my 
favourite phase 
(waxing gibbous)” 
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telescope all set 
up for the Sun” 


“One of my first 
attempts at Solar 
photography” 


Soh era Ree 
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“The Orion Nebula (M42) 
in the early hours of an 
October morning” 








stargazing stories / 


Mary Spicer 





Current rig 





“I got my first telescope when I was 
1] years old and I used it to look at 
the Moon and project the Sun onto a 
piece of white card to see its features. 
Eventually, I got my first ‘proper’ 
telescope in 2001, which was a 160mm 
reflector. When I permanently injured 
my back and needed my first spinal 
surgery, I had to sell my reflector 
because I just couldn't lift it any more. 
I thought that my back injury had 
spelled the end of my hobby. I couldn't 
have been more wrong! 

“In 2010 I started to study for 
a GCSE in astronomy and later 
completed the Open University 
Certificate in Astronomy and 
Planetary Science and have continued 
to develop my astrophotography 
skills. I photograph absolutely 
anything in the night sky, whether it 
be the Moon, constellations, star trails, 
galaxies, nebulae, Iridium flares or 
noctilucent clouds. 

“Last year I went on an aurora- 
hunting flight and was treated to a 





Location: Oxfordshire, UK 
Twitter: @spicey_spiney, @UKWIAN, @CLASS_astro 
Info: Astronomer for 30 years 


telescope: William Optics 70mm refractor, Helios 102mm 
refractor, SkyQuest XT10g GoTo Dobsonian, Coronado PST 
H-alpha solar telescope 

Mount: F:Q5 Pro, EQ3-2 

Other: Bushnell 8x42 binoculars, Praktica 10x50 binoculars, 
Canon EOS 1lOOD camera, ASI2O0MM CMOS camera 


lovely display. I'm delighted that I've 
managed to image the aurora borealis 
twice since I moved to the dark skies 
of Oxfordshire. I also do a lot of solar 
work and image phenomena such as 
halos, arcs and sundogs. 

“As my physical condition has 
deteriorated, I have found ways of 
adapting my techniques to fit in with 
my disability. My fiancé completed 
work on our observatory shed and it 
has completely transformed my life 
and there is no longer any need to lift 
and carry telescopes outside. Investing 
in a decent mount has made a huge 
difference to the quality of the images 
I am able to produce. 

“T try to promote astronomy to 
everybody and run the UK Women 
in Astronomy Network Facebook 
and Twitter pages, which connects, 
celebrates and promotes women 
with a passion for astronomy and 
astrophotography as well as the 
Twitter page for the Central Lancashire 
Amateur Stargazing Society.” @ 


"I have found ways of 


adapting my [telescope] 
techniques to fit in with 


my disability” 
Mary's top three tips 





A series of sunspots 
taken during prolific 
solar activity 
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1. Get the right kit 2. A telescope 3. Get an 

If you are serious about _ isn't essential observatory 

imaging, then invest You can image the Milky If you have been 

in a decent mount. It Way, constellations, ISS thinking about building 
can transform a basic passes, deep sky objects, | your own observatory 
beginner's telescope planets and more with shed, then don't think 
into something able to nothing more than a about it any more; just do 
produce decent images. camera withazoom lens. it - you won't regret it! 
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Celestron NexStar 
Evolution 6 


New on the market, the NexStar Evolution promises accessibility for 
astronomers of all abilities, but does it live up to its high price tag? 


Telescope 
advice 


Cost: £1,199 / $1980.95 
From: David Hinds Ltd 
Type: Schmidt-Cassegrain 
Aperture: 6" 

Focal length: 59” 


OS 
f 

oe 
me 
a 
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Beginners and Intermediate 
Large budgets 

Planetary viewing 

Lunar viewing 

Double stars 

Star clusters 


Deep sky objects 


0G8e0009 


The NexStar control pad 
allows control of the 
telescope if you prefer not 

to use your smartphone or 
tablet for wireless command 


Ever since we learned that Celestron 
was going to be introducing the 
NexStar Evolution 6 earlier this 

year, we couldn't wait for its arrival 
in the All About Space office. 
According to David Hinds Ltd, this 
catadioptric instrument brings the 
latest technology to the already 
comprehensive GoTo and promises 
to make finding your way around the 
night sky simple, even if you have very 
limited knowledge. This telescope is 
also great for anyone with an interest 
in astrophotography. 

The assembly of this Schmidt- 
Cassegrain was a breeze, something 
that we saw as a big plus and certainly 
makes this telescope a winner for 
beginners with quite a large budget 
- although we wouldn't recommend 
paying out as much as this for an 
instrument that’s not going to get very 
much use. The build of the telescope, 
from the 1.25” star diagonal to the 
tripod, is of excellent quality. The only 
real drawback was the StarPointer 
finderscope, which felt a tad flimsy. 
Handles, which you intuitively reach 
out for when you need to pick up the 
telescope, have been well thought 
out in terms of their positioning on 
the alt-azimuth mount, ensuring that 
carrying the NexStar isn't awkward 








to the point of causing an injury or 
indeed dropping the telescope. 

A closer inspection revealed its 
lithium-ion battery that can easily 
be recharged to power the telescope. 
Many GoTo telescopes just have an 
external powerpack but we quickly 
reaped the rewards of an integrated 
power supply. It certainly is a step 
in the right direction for the design 
of this breed of telescope. Of course, 
Celestron has ensured you'e not 
restricted to having to charge up the 
instrument before heading outside to 
observe since it has also supplied a 
power pack that allows you to use the 
mount. It was nice to have the choice 
- and it’s a manufacturing move many 
astronomers will benefit from. 

The NexStar's mount dominates the 
telescope - and we can see why. As 
well as the battery, there's integrated 
WiFi that allows the observer to 
control the telescope using either a 
tablet or a smartphone with Celestron's 
mobile app, which is available on both 
Android and iOS. Once again, Celestron 
has covered all bases and also supplied 
a standard GoTo controller to direct 
the telescope if you would rather not 
use a WiF'i device. 

We were very interested in using 
our iPhone to control the ‘scope and 
we downloaded the free Celestron 
SkyPortal app with ease. Flicking 
the mount on, we were connected 
up to the inbuilt SkyQ Link WiFi in 
no time and it wasn't long before we 
were engrossed in polar aligning the 
telescope - this was completed in no 
time and we were very impressed with 
the Evolution's response. The GoTo 
was supplied with 40mm and 13mm 
Plossl eyepieces of exceptional quality, 
which gave magnifications of 38x and 
115x respectively. Starting with the 
4Omm eyepiece we suggested a few 
targets for the Evolution to find. While 
the telescope located them with no 
trouble at all, the objects did appear 
quite a way off the central point of 
the field of view. Carrying out the star 


alignment process again using the 
13mm Plossl we were able to achieve 
much better accuracy. The mount 
was a little noisy on occasion, but this 
didn't bother us at all. 

Popping the 40mm eyepiece back 
into the ‘scope we enjoyed a stunning 
display of craters along the lunar 
terminator of a final quarter Moon. 
We got a superb view of the crater 
Archimedes, which presented itself as 
an almost perfectly circular impact. 
Not too far from here, we used the 
13mm Plossl to witness pleasing views 
of the Montes Apenninus mountain 
range, where the peaks had beautifully 
caught the Sun's light. The Schmidt- 
Cassegrain's optical system truly 
offered the bright, sharp view that 
it promised thanks to the excellent 
StarBright XLT optical coating. 

Jupiter and its four largest moons 
- Ganymede, Io, Europa and Callisto - 
were also an excellent sight. 

Turning our attention to the 
constellation Lyra (The Harp), we 
were able to pick out the double star 
Epsilon Lyrae, which can be found up 
and to the left of bright star Vega. The 
Evolution not only split the stars in 
this system cleanly, but also revealed 
a double-double star system thanks to 
a combined calm atmosphere. Moving 
back to Vega after opting to use the 
NexStar hand controller, we did detect 
a slight touch of coma around this 
+0,03 magnitude star, however, due to 
the impressive clarity of such a bright 
source, we felt that this was only a 
very slight flaw in the optics. 

Moving over to the star Albireo in 
the constellation Cygnus (The Swan), 
we were treated to a wonderful colour 
contrast as the Evolution split the 
double star with ease, treating us to 
its amber and blue-green components. 
Meanwhile, deep-sky objects such 
as the Ring Nebula (M57) and the 
Andromeda Galaxy (M31) were also 
pleasing October night treats. 

Studying the Evolution for 
astrophotography potential, the 
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Telescope advice 


The all-round 
quality of the 
telescope was 
very high - with 
the eyepieces 
being particularly 
impressive 


“The build 
of the tr ya 
telescope, hawurta™" 
from the astrophotography 
1.25" star 
diagonalto . 
the tripod, is ¥ 
of excellent 
quality” 


mount, you'e in luck if you are interested 
in imaging the Moon and brighter 


planets but only some deep-sky targets We were 
can be imaged using this telescope and impressed with 
the required kit. the optics of 
Overall, Celestron's NexStar Evolution ue oe 

6 is an excellent telescope and, despite Becton, ence 
; . provided mainly 

the hefty price tag, is an instrument that bright and clear 
not only makes astronomy easy and views of targets 
enjoyable for the novice user but is also and only a slight 
a very impressive all-round piece of kit. @ amount of coma 
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fSTARGAZER 
Practical astronomy guides 


When it comes to references for stargazing sessions, which 
guide should be in every novice astronomer's library? 


Philip's 





Practical 
Astronomy 


Cost: : £9.99 (approx. $16) 

From: wwwoctopusbooks. cou] 
There is a lot of information packed into 
astronomer Storm Dunlop's guide to the 
night sky, which is aimed at beginners. 
We applaud the incredible amount of 
detail the author goes into, where he 
ensures that no stone is left unturned 
when it comes to teaching the reader 
about the basics, but we did feel that 
being so ‘text heavy’ might put some 
novice astronomers off - especially 


when they're most likely wanting to find 


information quickly and easily. Despite 
this, though, if you have the time to sit 
down and read through this guide, then 


you'll be glad that you did - especially as 


you get more information and advice 


on choosing and using binoculars and ¢ 


telescopes than is provided by The 
Practical Astronomer. 

Sky charts and photographic 
images illustrate the text, which we 
had no problem using, but we had 
to look a bit closely in order to be 
able to read the small font size. This 
was a Shame and we do recommend 
that you purchase a star map or 
planisphere when attempting to find 
night sky targets when youre out 
observing in the evening. All in all 
though, Dunlop's guide is an excellent 
resource that promises to provide 
years of usage and certainly answers 
the many burning questions that 
novice astronomers have about this 
fascinating hobby. 


~ 


The Practical Astronomer 


Cost: : £14.99 / $19.95 
Fromwwwdk.couk | 

Without a doubt, this book 

is perhaps one of the most 
comprehensive and beautifully 
illustrated night sky guides that 
we have had the pleasure of using. 
It's true that many beginners 

to the hobby of astronomy 

aren't always sure of where and 
when to look when it comes to 
observing astronomical targets, 
but the authors of The Practical 
Astronomer - Will Gater and Anton 
Vamplew - are clearly intimately 
aware of this. These astronomers 


+ —._ 


A beginners’ guide to the night sky 


= 


really do peer into the mind of the 
inexperienced astronomer and 
highlight the objects that a novice 
is most likely to be interested in. 
What’s more, advice on setting 
up your telescope and the different 
types of telescope you'll meet when 
it comes to purchasing one as well 
as how to observe everything from 
the Moon and planets to deep 
sky objects is covered. Gater and 
Vamplew also tell the reader what 
minimum equipment is required 
to view these targets - a nice touch 


PHILIP'S ———" PX 


PRACTICA 
ASTRONOMY 


that every night sky guide should 
possess. What we also particularly 
liked about The Practical 
Astronomer is that information 

on the best observing conditions 
as well as snippets of background 
information on some of the targets 
was provided, allowing the reader 
to put what they see in the night 
sky into context. A bit too basic for 
anyone above beginner's level, but 
The Practical Astronomer certainly 
does the job for beginners to 
astronomy in both hemispheres. 
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Must-have products for 


budding and experienced 


astronomers alile 





1 Adapter 
ee Bil 
Wi-Fi Module 

Cost: £130 / $157.95 

From: www 365astronomyicom | 
Plugging the Celestron SkyQ Link 
adapter into All About Space's 
Celestron NexStar 5SE, we were 
impressed to see how easy it was to 
use this Wi-Fi module, which enabled 
us to control the telescope with an 
iPhone and iPad. We were able to leave 
the telescope outside and instructed it 
to stare at a planet, while we popped 
in for a cup of tea. 

While this adapter might seem 
expensive, the ease with which it fits 
to your instrument - as well as its 
impressive capabilities - really put any 
niggling doubt of parting with such a 
large amount of money to bed. 

Not only that, this device seems 
to answer the prayers of novice 
astronomers struggling to align their 
telescope, as this Wi-Fi adapter means 
the job only takes minutes. Though 
some stargazers may struggle with 
a aTome)QUOM Mince icmcelelalemimellem=.c-(en ht 
what it says on the tin. ® 
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2 Binoculars 
Celestron Cometron 
12x70 
Cost: £99 / $89.95 
From: David Hinds Ltd 
When it came to astronomical 
viewing, these 12x70s were a bit heavy 
for steady viewing due to the 12x 
magnification, so we quickly opted on 
mounting the Cometrons on a tripod. 
Turning the binoculars to a variety 
of targets, we noticed their ability to 
make faint objects brighter, thanks 
to dual 70mm aperture lenses that 
give the best light-gathering ability 
possible. Moving across the sky and 
to a waning crescent Moon and then 
on to a good view of the Andromeda 
Galaxy, the Cometron’s field of view 
did reveal some slight coma in the 
left optics as well as a touch of colour- 
fringing. Crisper views were found at 
the centre of the lenses, however. 
Despite the few optical issues, 
these 12x70Os are fair for the price 
- especially if you're looking for 
inexpensive large aperture binoculars 
with a high magnification that provide 
good to very good views. @ 
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3A 
SkEve (v 6.6.2) 


Cost: Free 
From: Google Play 
Available for Android users and Kindle 
Fire HD owners, SkEvye is a great free 
app that helps stargazers align their 
GoTo telescopes and teaches them to 
find celestial objects in the night sky. 

SkEye is a very simple app, but 
that’s part of its appeal - the interface 
is smooth, as is the tracking and it 
was very fast in finding our favourite 
targets. In comparison to other free 
apps, SkEye is very good at geo- 
aligning with accuracy and ease 
- something that many beginners to 
astronomy will be grateful for. 

Being so simple, however, has 
its drawbacks. Many of the Messier 
(0) b) (=X Room Cole tale Meal hilar: (6 md sl-me)p) (elms) 
number, but no further information 
was available. In this regard, SkEye 
seems limited and could put novice 
astronomers off who are interested 
in learning more about what they're 
viewing. If this doesn't bother you, 
then the SkEye certainly holds its own 
when navigating night sky targets. ® 
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Human Universe 

{OF -} Ce PAS 6-10) 8) (0). @n,7- 10) 
Accompanying the BBC series of the 
Same name, Brian Cox and Andrew 
Cohen's Human Universe is aimed at 
individuals who are either big fans of 
the show, or those who simply have 
a curious mind when it comes to life 
and the universe. 

We're taken on a tour of the birth of 
civilisation and why and how we are 
wandering planet Earth today, before 
getting a glimpse into humankind's 
future. Full of easy-to-understand 
diagrams and glossy photos, Human 
Universe tackles the existential 
questions that emerge from our place 
in the universe. We were generally 
impressed with this book, however, 
we did feel that details on some 
scientific concepts were glossed over, 
which might leave readers with more 
questions than they started with. 

Of course, leaving a reader with 
questions is in no way a bad thing and 
Human Universe expands the mind to 
great effect. @ 
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A VISIONARY 
TELESTO TELESCOPE 


We've got a complete entry-level telescope 
outfit to give away this month | 


If you're not sure which telescope to 
purchase, then we've giving away an | 
entry-level option that fits the bill nicely, 
courtesy of Optical Hardware | . 
(www.opticalhardware.co.uld 

The Visionary Telesto boasts an 
equatorial design that’s easy to set 
up and comes complete with two 
eyepieces (12mm and 20mm) to 
provide magnifications of 83x and 
50x respectively. Combine these 
accessories with the Telesto’s 
reflector design and light- 
collecting 4.5-inch aperture, 
and this telescope promises 
excellent views of the Moon's 
cratered surface, the planets, the 
Andromeda galaxy as well as stars 
and star clusters. 

The Telesto. doesn't just provide 
great views - it also offers versatility, 
allowing you to swap out a variety of 
eyepieces and accessories to enhance 
your night-sky experience. 


To enter, all you need to 
Globe iswelalsy icine ettsme|elacialever 


Who invented 
the Dobsonian 
telescope? 


A: Bernard Dobsonian 
B: Jack Dobsonian 
C: John Dobson 


Enter online at: 
spaceanswers.com/ 
competitions 


Visit the website for full terms and conditions 
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-C.120 BC 


The mathematical genius who turned 
trigonometry to the sky and changed 
the course of astronomy forever 


Though he's better-known through 
the efforts of others years later, 
most notably the Greco-Egyptian 
astronomer Ptolemy, Hipparchus' work 
forms much of the bedrock on which 
countless astronomical methods and 
discoveries would be made. However, 
much of what we know about 
Hipparchus is through Ptolemy's own 
observations and writings, particularly 
the seminal work, Almagest, that 
explains ancient Greek astronomy. 

Born in Nicaea, modern-day 
Turkey, Hipparchus is known to have 
travelled far during his career, making 
observations not only in his native 
land, but also Rhodes and Alexandria. 
Starting his work as an astronomer 
in around 162 BC, he soon became 
acquainted with Mesopotamian 
methods of observation and theory, 
meaning it's possible he visited this 
region himself. Babylonian techniques 
for observing and interpreting the 
Solar System are, in fact, perhaps the 
only examples to rival Hipparchus' 
own in terms of antiquity. 

Though still following the accepted 
geocentric view of the Solar System 
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at the time, Hipparchus sought to 
confirm his own theories as well as 
those of his predecessors through 
empirical observations. His work 
studying solar and lunar eclipses 
was central to many of his greatest 
discoveries - not only was he able to 
calculate the diameter of both the Sun 
and the Moon based on the shadows 
cast during an eclipse, but he was able 
to determine how often eclipses would 
occur. Using theoretical Babylonian 
calculations, he became fascinated by 
the motions of the Moon in relation to 
longitudinal and latitudinal positions 
on Earth. The Hipparchic Cycle of 
eclipses is the result of Hipparchus' 
workings, which he confirmed to be 
126,007 days and an hour long. 
Allowing his mathematics to lead 
his astronomy, Hipparchus sought 
to simplify complex formulas into 
practical forms to be useful in his 
calculations. He created one of the 
earliest-known lists of geometric 
chords, essentially forming the first 
trigonometric table. Using this as a 
foundation, Hipparchus then applied 
trigonometry to calculate the distance 





between the Earth, the Moon and the 
Sun. With the rudimentary equipment 
available, he determined the Moon to 
be between 59 and 77 Earth radii away 
- though it is actually around 60, his 
accuracy for the period is impressive. 

One of the very first star catalogues 
is also attributed to Hipparchus, which 
he completed in around 129 B.C. 
after his discovery of a new star five 
years earlier. This catalogue contains 
records of around 850 celestial objects, 
detailing their longitudes and latitudes 
in the sky, as well as giving each a 
magnitude of brightness. Edmond 
Halley would later refer back to 
Hipparchus' catalogue while compiling 
his own famous record of stars. 

By studying the positions of stars 
as described to him by his Greek 
predecessors, Hipparchus also noticed 
that some had shifted their positions 
in the sky. It was while puzzling over 
the reason for this that he uncovered 
the precession of the equinoxes, the 
gradual movement of the Earth's axis 
in a circular direction - just like a 
spinning top. Hipparchus calculated 
that this circular movement completes 
one full rotation once every 26,000 
years. Once again, he had used the 
work laid out for him by his fellow 
astronomers, applied it to his own 
theories and made confirmations 
through his own observations. Though 
this seems basic to modern scientists, 
it was an entirely new way of working 
in the ancient world and set the 
benchmark for those that followed. 
Hipparchus may not be a household 
name, but the debt he is owed by all 
astronomers is unquestionable. @ 
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world’s foremost educators to millions who want to 
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NexStar” 
EVOLUTION 


The first ever Schmidt-Cassegrain 


Telescope with fully integrated WiFi 


Now you can leave your hand control 
behind and slew to all the best celestial 
objects with a tap of your smartphone 

or tablet. Connect your device to NexStar 
Evolution’s built-in wireless network and 
explore the universe with the Celestron 
planetarium app for iOS and Android. 


6", 8" or 9.25" SCT. 
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Available from specialist astronomy retailers and selected other dealers nationwide. 
Celestron is distributed in the UK & Ireland by David Hinds Limited. Trade enquiries welcomed. 


WWW.celestron.uk.com 


Celestron® and NexStar® are registered trademarks of Celestron Acquisition, LLC in the United States and in dozens of other countries around the world. All rights reserved. 
David Hinds Ltd is an authorised distributor and reseller of Celestron products. The iPhone® and iPad® are trademarks of Apple Inc., registered in the U.S. and other countries. 


